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The interpretation of roentgenograms is dependent on two essen- 
tial factors: (1) knowledge of the anatomy of the part examined, and 
2) an interpretation of the disease process in terms of variations in 
density noted on the roentgenogram. Any addition to the knowledge 
of roentgenologic anatomy would aid in the interpretation and localiza- 
tion of shadows seen on the roentgenogram. This paper is presented 
as a contribution to the roentgenologic knowledge of the anatomic struc- 
ture of the lower lobes of the lungs. 

Anatomically, the might lung is divided into three lobes, the upper, 
the middle and the lower, by two interlobar fissures, and the left lung 
s divided into two lobes, the upper and the lower, by one interlobar 
fissure. The course of the major fissures on both sides is from the 
level of the spinous process of the third dorsal vertebra posteriorly, 
obliquely downward and forward to the costochondral articulation of 
the sixth rib anteriorly. On the right side another fissure extends 
herizontally forward from the axilla to the costochondral articulation 
of the fourth rib. It separates the superior lobe above and the inferior 
lobe below. 

Our studies indicate that the lower lobe on each side is divided into 
two parts. The division can be proved anatomically, embryologically 
and by a study of the bronchial distribution to the lower lobe. At 
times, a fourth lobe on the right side and a third lobe on the left side 
may be present as an anomaly when fusion between the two divisions 
of the lower lobe has failed to take place. Each of the two divisions 
may be, and often is, separately involved by a disease process, and 
each gives different shadows on the roentgenogram. We have called the 
upper part of the lower lobe the superior division and the lower portion 
the inferior division. In the lateral view the superior division is well 


This work was assisted by a grant from the Lily Spreckels Weggeforth Fund. 
From the Department of Roentgenology, Mount Zion Hospital, and the 
University of California Thoracic Clinic. 
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seen on the roentgenogram as a triangular area posteriorly placed, wit! 
the apex at the hilus. The upper border of this division corresponds 


to the interlobar septum between the upper and the lower lobe. The 


lower border corresponds to an imaginary line drawn from the hilus 


backward and downward to the eighth rib posteriorly. The second, 
or inferior, division of the lower lobe is the major division and takes 
up the remaining portion of the area occupied by the lobe (fig. 1). 


A study of the bronchi distributed to the lower lobe again marks 
out the division of the superior and inferior portion of the lower lobe 
Two distinct bronchial distributions are always present to the tw 


divisions of the lobe. This fact was established by a study of roent- 


genograms of postmortem specimens, with the bronchi of the lower lobe 


filled with 30 per cent bismuth subnitrate in petrolatum. 


The first branch from the main bronchus to the lower lobe of the 


right lung rises opposite the bronchus of the middle lobe. This branch 
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Fig. 1.—Diagram of the lower lobe of the right lung. The lower lobe of the 
left lung has a similar superior and inferior division; for the sake of brevity and 


clarity it has been omitted. 


is directed posteriorly and soon divides into smaller branches, all of 
which are distributed only in the superior division. In the left lung 
the first branch rises from the main bronchus at the same level, in a 
comparable position, and is likewise directed posteriorly. The main 
stem of the bronchus to the lower lobe continues downward for about 
1 cm. and then divides into three secondary bronchi in the right lung 
and two secondary bronchi in the left lung. These bronchi are dis- 
tributed only to the inferior division (fig. 2). There is no overlapping 
of bronchial distribution between the superior and the inferior division. 
They are as distinct from one another as the bronchi to the upper lobe 
are distinct from the bronchi to the middle lobe. 
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Fig. 2—Diagram of the bronchial distribution of the lower lobe of the right 
g 


lung. The lower lobe of the left lung has a similar division of the bronchi; for 


the sake of brevity it has been omitted. 


Fig. 3—A is a diagrammatic drawing of the posterior view of a four-lobed 


right lung. B is a diagrammatic drawing of the latera! view. In both drawings 


a indicates the upper lobe; b, the fissure between the upper and the lower lobe; 
c, the superior division of the lower lobe; d, the fissure dividing the lower lobe into 
two parts; e, the inferior division of the lower lobe; f, the fissure between the 
upper and the middle lobe; g, the middle lobe, and /, the fissure between the middle 


and the lower lobe. The bracket indicates the lower lobe. 
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An intralobar fissure may be observed completely dividing the tw 
parts, similar to the interlobar fissure dividing the -main lobes, a 
described previously. The division of the lower lobe by a fissure ma 
be partial or complete. Figure 3 depicts a right lung removed at autopsy, 
showing the lower lobe divided into a superior and an inferior division 
by a complete fissure. Fusion had failed to take place. It is not uncom 
mon to note a shallow fissure or a sharp dimpling in a normal specimen, 
marking the limit of fusion of the superior to the inferior part of the 
lower lobe (fig. 3.4 and B). 

It is interesting to know that this division of the lobe has an 
embryonic origin which determines its distinct bronchial distribution. 
In a review of the embryonic development of the bronchi (Keibel and 


LEFT RIGHT 


Fig. 4—An embryo at the beginning of the fifth week, viewed from behind 


In this illustration a indicates the bronchus to the upper lobe; b, the bronchus t 
the middle lobe on the right side and to the upper lobe on the left side; c! and 
c2, bronchi to the inferior division of the lower lobe; c*, the infracardial bronchus 
on the right side to the lower lobe, and d, the bronchus to the superior division 
of the lower lobe. (From Keibel and Mall,! after Merkel, 1902.) 


Mali?) one notes that the bronchus to the superior division of the 


lower lobe develops from an anlage which is distinct from the anlage 
of the bronchi to the inferior division of the lower lobe. In an embryo 
of 11 mm. the anlage for the main bronchi is well established (fig. 4). 
On the right side is the anlage of the apical bronchus (a), extending 
dorsolaterally, which is to supply the upper lobe of the right lung. The 
anlage for the lateral first ventral bronchus (/) is present to supply 


1. Keibel, F., and Mall, F. P.: Manual of Human Embryology, Philadelphia, 
J. B. Lippincott Company, 1912, vol. 2, p. 482. 


4 
3 
a 
bal 
4 
| 
{ 
d 
C’ 
\ 
3 
cé 
\ | 
\ 
\ | 
= 


LEVITIN-BRUNN—LOWER LOBE OF LUNG 053 


e middie lobe. The left side differs in that the anlage a and b have 

common stem to supply the single upper lobe. Next in order is the 
nlage d, which arises separately and develops into the bronchus for 
the superior division of the lower lobe. The main stem continues 
downward and ventrally and gives rise to two main bronchial anlagen 
on the left (c! and c*) and three on the right. The additional bronchial 
anlage on the right side is for the infracardial bronchus (c*). 

A 13 mm. embryo shows the anlage for the lobes well established 
and explains the formation of the fissures (fig. 5). On the right side 
are a bud for the upper lobe (.4) and one for the middle lobe (B). 
Phere is a small, shallow furrow between them which will form the 


a 


interlobar fissure. On the left side one large bud contains the bronchi 


Fig. §.—Lung anlage of an embryo of about 13 mm., viewed from behind. 4 
indicates the lung bud for the upper lobe: B, the lung bud for the middle lobe 
on the right side (note how on the left side the comparable bud is joined with 
A to form a large upper lobe) ; C! and C?, lung buds for the inferior division of 
the lower lobe, and D, the lung bud for the superior division of the lower lobe. 
(From Keibel and Mall, after Blisnianskaja, 1904.) 


(.4 and B) for the single upper lobe of the left lung. Three buds 
are present for the lower lobe (C’, C* and D). Of particular note 
is the bud for the dorsal bronchus (D). This is definitely separated 


hy a furrow from the other buds. If the furrow persists, a fissure 


will be present separating this part of the lobe, resulting in four dis- 


tinct lobes on the right and three distinct lobes on the left side (fig. 3). 
If a complete fusion of all the lung buds of the lower lobe takes place, 
the result will be a single lower lobe. This follows the anatomic 
description as previously given and as described in textbooks of 


Eso 
A VA A 
C | G 
of ea 

LEFT RIGHT 


654 ARCHIVES OF INTERNAL MEDICINE 


anatomy. If fusion of the buds is incomplete, a fissure will remai; 
with a reflection of pleura, producing an intralobar ftssure. On th 
roentgenogram the fissure can sometimes be seen as a pleural lin: 
extending from the parietal pleura into the parenchyma of the lung 
This shadow has often been misinterpreted as a pleural adhesion. Th 
fissure may extend all the way to the hilus, completely dividing th, 
lower lobe into two distinct lobes (fig. 3). 

Other writers have recognized two divisions of the lower lobe, eithe: 


anatomically or as affected by a disease process, without recognizing thi 
anatomic basis or the embryologic origin for this division. 

Pohl * described the apical region of the lower lobe as sometimes set 
off so as to become an independent lobe. He stated that it is noted fre 
quently at autopsy and is recognizable roentgenologically only in 
pathologic state. 

Kramer and Glass * studied the roentgenologic localization of abscess 
of the lung and divided the lung into segments corresponding to thi 
main bronchial divisions. They set off an apical posterior triangular 
area, which they called the apical middle paravertebral segment. This 
is similar to the superior division already described. 

The superior division of the lower lobe is the one most frequently 
involved in pneumonic processes. At present we can offer no explana- 
tion for this. The bronchi to this part of the lobe are the only ones 
that are directed posteriorly, so that with the patient in the prone posi- 
tion they are the most dependent bronchi. The action of gravity on 


secretions in these bronchi may be of some significance. The appear- 
ance on the roentgenogram of a disease process in this part of the lobe 
depends on the position of the diaphragm. If the chest is well expanded 


and the diaphragm is low, the disease process appears relatively high 
in the chest. Shadows of this sort often have been interpreted roent- 
genologically as evidence of central pneumonia. The physical signs of 
the process are all posterior, in a small area between the vertebral bor- 
der of the scapula and the vertebral column and from the fourth to 
the eighth rib. 


OBSERVATIONS ON CASES 


The roentgenograms for case 1 are illustrative of the appearance of a 
pneumonic process in the superior part of the lobe when the diaphragm 
is at full inspiration. 


Case 1 (fig. 6).—In J. W., a man aged 63, on the third day following an 
operation for a ventral hernia cough developed, and the temperature rose to 


2. Pohl, R.: Der Lobus Posterior der Lunge, Fortschr. a. d. Geb. d. Rént- 
genstrahlen 46:583 (Nov.) 1932. 

3. Kramer, B., and Glass, A.: Bronchoscopic Localization of Lung Abscess, 
Ann. Otol., Rhin. & Laryng. 41:1210, 1932. 
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lobe of the right lung. 
central pneumonia. 


rior division of the lower lobe. 
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Cc. (100.4 F.). Physical signs were not present at first, but the next day 
area of dulness with impaired breath sounds was noted on the right side 
steriorly. A roentgenogram showed an area of increased density extending 
mn the hilus in the middle of the pulmonary field. The 


condition was 
diagnosed central pneumonia. 


The lateral view showed the process to lie poste- 
riorly, to be triangular and to conform closely to the area designated as the supe- 


Fig. 6—A pneumonic process involving the superior division of the lower 


The diaphragm is at full inspiration. This is often called 


The process in the lobe developed into an abscess 


of the lung, and the patient subsequently died. Autopsy confirmed anatomically ihe 
location of the process. 


The roentgenograms for case 2 illustrate the appearance of the 
process when the diaphragm is in midway position. 


| 
| 
> i? 
SUP. DIV. | 
PNEU. LOBE — 


656 ARCHIVES OF INTERNAL MEDICINE 


Case 2 (fig. 7)—J. C., a man aged 37, had a history of an inflammat: 
process, following an operation, which developed into a chronic absc: 
of the lung. The diaphragm on the right side was considerably higher than 
that on the left, and in the postero-anterior view the area of involvemc 
appeared to occupy the lower half of the chest. The lateral view clear!, 
demonstrated the posterior location of the process, which was triangular and 
formed closely to the outline of the superior division of the lower lobe. 


» SUP. O'V. 
RT. LOWER LOBE 


PNEU. 


ol 


Fig. 7—A pneumonic process involving the superior division of the lower lobe 
of the right lung. The diaphragm is in a midway position. 


The roentgenograms for case 3 also illustrate the appearance of a 


pneumonic process in the superior division of the lower lobe when the 
diaphragm is partially elevated. 


Case 3 (fig. 8; courtesy of Dr. E. Wolff).—E. M., a boy aged 7 years, had 
a sudden onset of fever, with pain in the right side of the chest and rapid respira- 
tion. Physical examination showed an area of dulness in the right side of the 
chest posteriorly, with diminished breath sounds. The diagnosis was pneumonia 
of the lower lobe of the right lung. The roentgenogram of the postero-anterior 
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view showed an area of increased density occupying the lower half of the right 


of the chest. The lateral view showed the process to lie posteriorly in the 


revion of the superior division of the lower lobe. 


When the diaphragm is at the full extent of expiration the highest 


point lies on a level with the fourth rib anteriorly. If the superior 


division of the lower lobe is involved by a pneumonic process this part 


RT. LOWER 
LOBE 


NEU. PROCESS 


Fig. 8—A pneumonic process in the superior division of the lower lobe of the 
right lung. The diaphragm is partially elevated 


of the involved lung appears to lie in the recess behind the diaphragm 
It may be mistaken for encapsulated fluid. 

The roentgenograms for case 4 illustrate a pneumonic process in the 
superior part of the lobe and its appearance with the diaphragm at full 


expiration. 
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Case 4 (fig. 9; courtesy of Dr. A. L. Brown).—H. D., a girl aged 41% yea 
had a sudden onset of abdominal pain in the right lower quadrant, which gradua 
spread through the whole abdomen. The temperature was 102 F. A diagn 


of acute appendicitis was made. At operation pneumococcic peritonitis was 
noted. The temperature postoperatively continued to be about 40 C. (104 F 
the pulse rate was from 130 to 140, and the respiratory rate was from 30 to 4() 
Three weeks following the operation a roentgenogram of the chest showed gra 


ness at the base of the right lung, well seen in the lateral view as a dense, well 


Fig. 9—A pneumonic process in the superior division of the lower lobe of the 
right lung. The diaphragm is elevated. The disease process appears to lie in the 
recess behind the diaphragm. It was misinterpreted as encapsulated fluid. 


demarcated shadow lying in the posterior recess behind the diaphragm. Interpreta- 
tion of the roentgenogram was: encapsulated fluid. Repeated attempts at aspira- 
tion failed to obtain fluid. Further study of the shadow, its location and shape, 
showed its close similarity to the area occupied by the superior division of the 
lower lobe. The diagnosis was then changed to that of pneumonic consolidation 
of this part of the lobe. The further clinical course confirmed the diagnosis. 
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The inferior division of the lower lobe, while not as frequently 
volved by disease processes, also has its characteristic shadow. Most 
{ the involved area of the lung is masked by the shadow of the liver. 
in the postero-anterior view, an area of increased density is shown 


= 


Fig. 10.—A pneumonic process involving the inferior division of the lower lobe 
of the right lung. 


lving above, and continuous with, the shadow of the liver. In the 
lateral view most of the process is also masked by the shadow of the 
liver. An area of increased density occupies the part of the lung in 


the recess behind the diaphragm. This part of the lobe is frequently 
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involved by postoperative atelectasis. (ne may account for this fa 


by the action of gravity on the secretions in the brenchi when ¢! 
patient is in the upright or semirecumbent position. 


Fig. 11—Lobar pneumonia involving the entire lower lobe (superior and infe- 
rior divisions) of the right lung. 


The roentgenograms for case 5 (fig. 10), observed through the 
courtesy of Dr. L. C. Jacobs, illustrate the pneumonic process of the 
inferior division of the lower lobe. 
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The whole lobe, i. e., the superior and inferior divisions, may be 
avolved by a pneumonic process. The shadow on the roentgenograms 
or case 6 is a combination of the shadows of involvement of the supe- 
rior and the inferior division of the lower lobe. 


Case 6 (fig. 11; courtesy of Dr. F. Firestone).—P. H., a woman aged 25, 
had a sudden onset of chill, pain in the chest and cough. The temperature was 


40 C. (104 F.), the pulse rate 120 and the respiratory rate 39. Physical examina- 


Fig. 12—A pneumonic process involving the superior division of the lower lobe 
of the left lung. 


tion revealed dulness of the lower lobe of the right lung, with bronchophony and 
tubular breathing. Roentgenograms showed an area of density involving the 
entire lower lobe. The diagnosis was lobar pneumonia. This was confirmed at 
autopsy. 


The lower lobe of the left lung is as frequently involved by a dis- 


ease process as the lower lobe of the right lung. The appearance on 
the roentgenogram is similar to that on the right side. 
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Fig. 13.—Atelectasis of the inferior division of the lower lobe of the left lung. 
The involved lung has a tented appearance. The diaphragm is elevated and extends 
to the superior division of the lower lobe. This aerated lung of the superior divi- 
sion may mask the physical signs of a collapsed lung. 
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The roentgenograms of the following cases illustrate disease proc- 
ses in the lower lobe of the left lung. 


Case 7 (fig. 12; courtesy of Dr. G. J. Heppner).—A. S., a girl aged 7 years, 
ad an onset of pain in the chest, with cough. The temperature was 105 F., the 
oulse rate 130, and the respiratory rate, 30. Physical examination revealed an area 


DIAPHRAGM 


—— 


Fig. 14.—Atelectasis of the entire lower lobe (superior and inferior divisions) 
of the left lung. 


of dulness on the left side posteriorly between the scapula and the spine. There 
were increased breath sounds and bronchial breathing. The diagnosis was pneu- 
monia and was confirmed by the roentgenogram. The patient recovered. The 
process cleared in five days. 


The roentgenograms for case 8 illustrate atelectasis of the inferior 
division of the lower lobe of the left lung. 
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Case 8 (fig. 13; courtesy of Dr. E. Wolff) —C. G., a boy aged 10 years, ha 
an infection of the upper respiratory tract followed three weeks later by a no: 
productive cough and a slight elevation of temperature to 99 F. Physical exan 
ination revealed dulness of the base of the left lung posteriorly, with absence 
breath sounds. The diagnosis was atelectasis of the inferior division of the low: 
lobe of the left lung resulting from a plug of the bronchus by mucous secretio: 
The patient recovered, and the process in the lung cleared 


Case 9 illustrates atelectasis of the entire lower lobe of the left lung 


Case 9 (fig. 14; courtesy of Dr. L. H. Briggs).—J. O., a man aged 47, suffered 
from loss of weight and cough. Physical examination revealed emaciation and 
an area of dulness involving the left side of the chest posteriorly and in the axilla 
A roentgenogram showed complete atelectasis of the lower lobe of the left lung 
Bronchoscopic examination revealed bronchial carcinoma occluding the primary 
bronchus to the lower lobe of the left lung. 


SUMMARY 


The lower lobes of the right and left lungs are divided into two 
distinct parts: (1) a small triangular superior division and (2) a large: 
inferior division. This anatomic fact has been insufficiently emphasized 
in the past. Each portion of the lobe has its own bronchial distribu 
tion. Embryologically, each develops from a separate anlage. A fissure 
separating the two parts may be observed in the developed lung. The 
pleural reflection in the fissure may be noted in the roentgenogram and 
has often been misinterpreted as a pleural adhesion. This definite 
anatomic structure accounts for numerous limited disease processes 
the localization of which has previously not been understood 

In the roentgenogram the involved superior division appears to lic 
high in the chest or low behind the diaphragm, depending on the posi- 
tion of the diaphragm when the film is made. Failure to recognize the 
importance of the position of the diaphragm has often led to misinter- 
pretations. 

When the process appears high in the roentgenogram, it is often 
diagnosed as central pneumonia. When the process appears low on 
the roentgenogram, it may be mistaken for encapsulated fluid. 


Note.—Since this article was submitted for publication, two other 
writers have noted a division of the lower lobe as involved by a disease 
process. JOnsson* demonstrated a separate bronchial division to these 
two parts and observed that silicotic changes occur most abundantly in 
the inferior part of the upper lobe and the superior part of the lower 
lobe; the inferior part of the lower lobe was not involved by silicosis. 


4. Jonsson, C.: Some Roentgenological Observations Regarding Pulmonary 
Silicosis in Porcelain Workers, Acta Radiol. 16:431, 1935. 
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estermark ° also demonstrated the two distinct bronchial divisions of 
ese two portions of the lower lobe and demonstrated atelectasis as it 


curred with tuberculosis as affecting either the superior or the inferior 
art of the lower lobe. Neither of the aforementioned writers demon- 
trated an anatomic or embryologic basis for this division. 

Mr. J. Kelso, medical artist and photographer, made the reproductions of 


roentgenograms and the drawings. 


516 Sutter Street. 


384 Post Street. 


5. Westermark, N.: Entwicklung und Vorkommen von Atelektase bei Lungen- 
tuberkulose, Acta Radiol. 16:531, 1935, 


FACTORS RESPONSIBLE FOR JAUNDICE 
IN SYPHILIS 


WITH SPECIAL REFERENCE TO THE ROLE OF THE ARSPHENAMIN! 
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YORK 


M.D. 


For at least four hundred years physicians have known of the occur- 
rence of jaundice with syphilis ( Paracelsus,' 1510). The introduction 
of arsphenamine seems to have increased the incidence and the com- 
plexity of this condition. Since in syphilis, as in any other disease, 
treatment is necessarily guided by the concepts of etiology, it is of 
paramount importance to determine the exact causes of the jaundice. 
To this end in the present study I proposed to investigate the factors 
concerned in the occurrence of jaundice with syphilis and to correlate 
them with recent acquisitions to the clinical, experimental and patho 
logic knowledge of disease of the liver. 

In the discussion of this subject it is necessary at the outset to 
define certain terms and concepts that are employed. The term the 
arsphenamines is used to indicate the entire family of organic arsenical 
antisyphilitic preparations, all of which are associated with the condi- 
tion herein discussed. It is clear from clinical experience and from 
the work of Luithlen * and others that the toxic actions of the arsphena- 
mines, on the one hand, and those of its constituent parts per se 
arsenic and benzene—on the other, are different. This is true quantita- 
tively even more than qualitatively. The hepatotoxic power of the 
arsphenamines is incomparably greater than that of inorganic arsenic. 

3enign nonobstructive jaundice and acute yellow atrophy occurring 


in untreated persons with 


icterus syphiliticus praecox. 


tertiary syphilis occurring 


syphilis in the secondary stage are called 
The same complications of secondary and 
while the patient is under treatment with 


the arsphenamines are called early icterus ; if the jaundice appears within 


ten months after the cessation of treatment, it is called late icterus. 
Under the term paratherapeutic icterus are included both early and late 


From the Medical Service of Dr. B. S. 
Hospital. 

This study was aided by a grant made to the Emanuel Libman Fellowship 
Fund in memory of Theresa Backer. 

1. Paracelsus, cited by Proksch, J. K.: Paracelsus uber die venerischen 
Krankheiten und die Hydrargyrose, Med.-Chir. Centralbl. 17:289, 313, 337, 301, 
387, 411, 434 and 458, 1882. 


2. Luithlen, F.: Die experimentelle Analyse der Salvarsanwirkung, Ztschr. f. 


Exper. Path. u. Therap. 13:493, 1913. 


Oppenheimer, The Mount Sinai 
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terus. Benign jaundice designates the condition in patients who make 
_ complete recovery. Acute yellow atrophy is used for convenience to 
lesignate the condition in all fatal cases of jaundice in which it is 
proved pathologically to be acute, subacute or even chronic yellow 
atrophy, the last of which is more properly termed coarse nodular or 
ioxie cirrhosis. It is obvious that in a case of jaundice with syphilis 
the diagnosis of paratherapeutic icterus cannot be made until all other 
types of jaundice are excluded, for instance, all hemolytic and obstruc- 
tive types. 

General confusion 1s fostered by an inadequate classification of the 
subject. Some authorities, for instance, have held that the cause of 
acute yellow atrophy following treatment with arsphenamine differs 
from that of benign paratherapeutic icterus ( Kerl;* Herxheimer *) ; 
others have contended that early and late icterus are essentially different 
( Pulvermacher ;° Wosegien®) and many have made complicated ditfer- 
entiations on decidedly questionable grounds. 

Clinically, benign paratherapeutic jaundice simulates so-called catar- 
rhal jaundice, which since the earliest observations (Chauftard ;* Heit- 
ler *) has been recognized more and more clearly as a parenchymatous 
degenerative process in the liver. Since the number of fatal cases is 
usually far smaller than the number of cases of the benign variety, one 
may conclude that in the cases of the benign type the condition is acute 
or subacute vellow atrophy en miniature and ditters from acute yellow 
atrophy only in severity. Indeed, Eppinger,? Klemperer, Killian and 
Heyd,'® Wallgreen,"' Huber and Kausch,’* and Albot '* were fortunately 

3. Kerl, W.: Schadigungen durch Salvarsan, in Jadassohn, J.: Handbuch der 
Haut- und Geschlechtskrankheiten, Berlin, Julius Springer, 1928, vol. 18. 

4. Herxheimer, G.: Ueber akute gelbe Leberatrophie, Syphilis und Salvarsan, 
Berl. klin. Wehnschr. 57:369 (April 19) 1920. 

5. Pulvermacher, L.: Zur Frage des Spatikterus nach Salvarsan, Dermat 
Ztschr. 27:199, 1919; 24:577 and 648, 1917. 

6. Wosegien, H.: Ueber Ikterus nach Salvarsanbehandlung des Ikterus, Arch 
f. Dermat. u. Syph. 1:139, 1920. 

7. Chauffard, A.: Contribution a l'étude de Victére catarrhal, Rev. de med. 
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able to verify this observation in patients with catarrhal jaundice wi 
had died by accident or who had had material from the liver subject: 

to biopsy. I have recently observed on postmortem examination th 
same condition in the liver of a patient recovering from paratherapeuti 
jaundice, who died of confluent bronchopneumonia (case 1). Accord 
ing to evidence derived from tests of hepatic function, identical paren 
chymatous damage occurs in cases of catarrhal jaundice, acute yellow 
atrophy and benign and fatal paratherapeutic jaundice, with only slight 
qualitative differences. This was emphasized by Geronne,'* Strauss 
and Buerkmann,'® Wolf,'® Queyrat,’* Lewin '* and Kirch and Freund 
lich '* and was also confirmed in the cases observed during the course 
of this study. It would, in fact, be as unreasonable to regard lobar 
pneumonia in cases with recovery as totally different from lobar pneu 
monia in fatal cases as to conceive a different pathologic process and 
pathogenesis for benign and fatal paratherapeutic icterus. Therefore, 
one may state that benign jaundice occurring in persons with syphilis 
represents the same condition as mild acute or subacute yellow atrophy 
This does not deny that the condition in certain epidemics of catarrhal 
jaundice may be cholangeitis, as Cantacuzene *° asserted. However, 
those who, like McDonald,*! believe paratherapeutic jaundice to lb 
infectious, usually incriminating bacteria of the colon-typhoid group, 
submit evidence depending on the results of postmortem cultures of 
the blood, bile and liver tissue. Without adequate controls these results 
are worthless, as shown by the studies of Epstein and Kugel.*? More 


over, Libman ** observed in cases of parenchymatous degeneration of 
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he liver of unknown etiology that cultures of the blood made during 


life were sterile. 


The purpose of the study reported here was to investigate the rela- 


tion of arsphenamine therapy to jaundice. Thirty-one cases have been 
observed, and the literature has been studied. 


RELATION OF DEFINITE ANATOMIC SYPHILIS OF THE LIVER 
TO JAUNDICE 

Slight transient jaundice may be encountered in cases of syphilitic 
cirrhosis, but neither this condition nor gumma of the liver gives the 
familiar picture of benign or fatal jaundice. In my records there were 
twelve cases of gumma of the liver, syphilitic cirrhosis or hepar lobatum ; 
in only one instance was jaundice present, and in that case it was faint 
and transient. Wale and Sams ** reported similar observations. 

A careful search of the records of the cases of tertiary syphilis of 
the liver with necropsy observations reported by Murchison,?®? Legg,** 
Fournier,”? McCrae and Caven and other observers, both 
before and after the introduction of arsphenamine, failed to reveal 
in a single case a condition which will fit into the picture of acute 
yellow atrophy. Nor are the clinical pictures of the two diseases alike. 
On the other hand, lesions in cases of fatal paratherapeutic icterus are 
always those of acute or subacute yellow atrophy or coarse nodular cir- 
rhosis; the familiar lesions of hepatic syphilis are uniformly absent, 
and spirochetes are never found, as pointed out by Ravaut °° and 
Fischer *? and as mentioned in the following section. Even if gumma 
or syphilitic cirrhosis should be found in association with acute yellow 
atrophy, the etiologic relation of the two would not thereby be proved. 
But I am aware of no case in which this association was present. 

24. Wile, U. J., and Sams, W. M.: A Study of Jaundice in Syphilis: Its 
Relation to Therapy, Am. J. M. Sc. 187:297 (March) 1934. 

25. Murchison, C.: Clinical Lectures on Diseases of the Liver, London, Long- 
mans, Green & Company, 1874. 

26. Legg, J. W.: Bile, Jaundice, and Bilious Diseases, London, H. K. Lewis, 
1880. 

27. Fournier, A.: Traité de syphilis, Paris, J. Rueff, 1906, vol. 2, pt. 2. 

28. Frerichs, F. T.: A Clinical Treatise of Diseases of the Liver, London, New 
Sydenham Society, 1860. 

29. McCrae, T.: Tertiary Syphilis of the Liver, Am. J. M. Sc. 144:625 (Nov.) 
1912. McCrae, T., and Caven, W. R.: Tertiary Syphilis of the Liver, Am. J. 
M. Sc. 172:781 (Dec.) 1926. 

30. Ravaut, P.: Pathogenesis and Therapy of Para-Arsenical Icterus, Bull. 
Soc. frang. de dermat. et syph. 35:818, 1928; in discussion, ibid. 35:237 and 887, 
1928; Ictére survenu deux mois aprés un traitement arsénicomercuriel: Ictére 
grave. Mort, ibid. 28:57, 1921. 

31. Fischer, B.: Ueber Todesfalle nach Salvarsan, Deutsche med. Wehnschr. 
41:908, 939 and 976, 1915. 
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Therefore, it can be definitely asserted that there is no proved rela- 
tion between anatomic tertiary syphilis of the liver and paratherapeutic 
jaundice. 


ROLE, OF THE ARSPHENAMINES IN THE CAUSATION OF JAUNDICi 


1. Jaundice with Syphilis Before the Introduction of the Arsphena 
mines.—Only one type of frank jaundice was associated with syphilis 
in the prearsphenamine era. This occurred in the secondary stage only 
and was called icterus syphiliticus praecox. Though known since the 
sixteenth century, an accurate description of the syndrome with and 
without acute yellow atrophy was not made until the nineteenth century. 
Portal ** and Ricord ** vaguely delineated it; then Gubler ** (1856), 
followed by Lancereaux ** and Lasch,** more thoroughly described its 
characteristics. Lebert ** and Engel-Reimers ** noted the occurrence 
of acute yellow atrophy as a complication. According to Werner's * 
extensive statistics, the disease occurred in 0.37 per cent of persons with 
syphilis in the secondary stage. 

Icterus syphiliticus praecox, as noted previously, is a nonobstructive 
type of jaundice. It usually appears at the same time as the eruptive 
phenomena of the secondary stage but may precede or follow them 
by a short interval. Symptoms may appear shortly after the inception 
of treatment with mercury or bismuth, since these drugs do not manifest 
their therapeutic action as quickly as the arsphenamines. The jaundice 
has occasionally been attributed to mercury, but there is no trustworthy 
evidence to substantiate this contention, as was pointed out long ago 
by Lebert ** and more recently by Stokes and his associates.” 
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35. Lancereaux, E.: A Treatise on Syphilis, London, New Sydenham Society, 
1868. 

36. Lasch, O.: Visceral Affections in the Early Stages of Syphilis: I. Icterus 
Syphiliticus Praecox, in Selected Essays and Monographs, London, New Sydenham 
Society, 1900, p. 145; Berl. Klin. Wehnschr. 31:904, 1894. 

37. Lebert: Ueber Ikterus typhoides, Virchows Arch. f. path. Anat. 7:341, 
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38. Engel-Reimers, J.: Akute gelbe Leberatrophie in der Frithperiode der 
Syphilis, Jahrb. d. Hamb. Straatskrankenanst. 1:325, 1889. 

39. Werner, S.: Beitrage zur Pathologie des Ikterus syphiliticus, Munchen. 
med. Wehnschr. 44:736, 1897. 

40. Stokes, J. H.; Reudemann, R. J., and Lemon, W. S.: Epidemic Infectious 
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When insufficient treatment has been given jaundice may appear 


s part of a generalized secondary recurrence in association with the 


ypical cutaneous and mucosal phenomena and a positive reaction to 
the Wassermann test—facts which must be emphasized. Gennerich,* 
Ruge # and Fuhs and Weltmann ** reported many cases, all of which 
clearly establish these criteria for the recognition of icterus syphiliticus 
praecox as a complication of a recurrence of secondary syphilis follow- 
ing inadequate treatment. 

The prognosis in cases of icterus syphiliticus praecox is generally 
good, the condition usually running the benign course of catarrhal 
jaundice. However, approximately 10 per cent of patients die of acute 
vellow atrophy (Engel-Reimers ; ** Weber 

Investigation of postmortem material has thus far failed to reveal 
Spirochaeta pallida in the liver, although sections of the skin made 
simultaneously may have shown spirochetes profusion (Fuhs and 


Weltmann; Buraczynski;*° Veszpréemi and Kanitz;** Schmorl; 


Buschke and Michael; Bierring;*’ Severin and Heinrichsdortt ; 
Herxheimer and Gerlach *').  Inoculations of hepatic tissue into animals 
have likewise given negative results. Only Warthin ** succeeded in 


demonstrating spirochetes in the liver of a patient with icterus syphiliti- 
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42. Ruge, H.: Zehn Jahre Gelbsucht in der Marine (1919-1929), Beohacht- 
ungen an 2,500 Fallen, Ergbn. d. inn. Med. u. Kinderh. 41:1, 1931. 

43. Fuhs, H., and Weltmann, O.: Ueber Ikterus bet Lues, Arch. f. Dermat. 
u. Syph. 140:247, 1922. 
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Proc. Roy. Soc. Med. (Path. Sect.) 2:116, 1909. 
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21:651, 1907. 
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f. Dermat. u. Syph. 88:35, 1907. 

47. Schmorl: Pathologic Demonstrations, Munchen. med. Wehnschr. 69:908, 
1922. 

48. Buschke, A., and Michael: Salvarsanwirkungen, Berl. klin. Wehnschr. 
51:1935, 1914. 

49. Bierring, K.: Totliche Lebersyphilis, Zentralbl. f. Haut- u. Geschlechtskr. 
7:411, 1922. 

50. Severin and Heinrichsdorff: Zur Frage der Leberveranderungen nach 
Salvarsan, Ztschr. f. klin. Med. 76:128, 1912. 

51. Herxheimer, G., and Gerlach, W.: Ueber Leberatrophie und ihre Ver- 
haltnisse zu Syphilis und Salvarsan, Beitr. z. path. Anat. u. z. allg. Path. 68:93, 
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52. Warthin, A. S.: The New Pathology of Syphilis, Am. J. Syph. & Neurol. 
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cus praecox (one case). However, his report lacks detail, and hi 
observations are at variance with those of all other mvestigators in 
the field. 

The conclusion, therefore, is strongly suggested that the jaundic« 
in untreated persons with secondary syphilis is caused by parenchym- 
atous hepatic injury effected indirectly by the spirochete through the 
toxemia associated with its generalization and that it is not caused by 
an inflammatory reaction of the liver to the spirochete itself. Most 
of the investigators cited earlier agreed with this conception. It is 
also in accord with the demonstration by Babalian,®* Sade,°* Kleeberg,’ 
Kirch and Freundlich '* and others that tests of function reveal hepatic 
damage in a considerable proportion of cases of secondary syphilis 
without jaundice. 


2. Comparison of Incidence of Jaundice with Syphilis Before and 


After the Introduction of Arsphenamine.—With the era introduced by 
Ehrlich in 1910, jaundice as a complication of syphilis or its treatment 
assumed significant proportions not only in the secondary but also in 
the tertiary stage of the disease. Although paratherapeutic icterus did 
not gain wide notice in Europe until the period of the World War and 
in America until later, the number of cases reported before the war 
was considerable. The first cases were described in 1910. Dujardin,°® 
of Brussels, in January 1914 stated that he had observed twenty-five 
cases following the use of neoarsphenamine. Jaundice, which before 
the introduction of arsphenamine had been estimated as a complication 
in 0.37 per cent of the cases of secondary syphilis and in none of the 
cases of tertiary syphilis, was now a frequent occurrence in both phases 
of the disease. Reports from almost every country show a considerable 
incidence of paratherapeutic icterus. Cole and his associates °’ in the 
United States estimated it at about 2 per cent of cases in which treat- 
ment had been given, and Scott and Pearson ** in Canada estimated it 


53. Babalian: Les rétentions biliaires latentes des syphilitiques, Bull. Soc. france 
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54. Sade, I.: Die Leberfunktionpriifungen bei Syphilis und Salvarsanikterus, 
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55. Kleeberg, L.: Ueber Leberfunctionspriifungen bei Lues, Med. Klin. 16: 
1162, 1920. 

56. Dujardin, B.: Les ictéres toxiques dis au néo-salvarsan, Clinique, Brussels 
28:103, 1914. 

57. Cole, H. N.; De Wolf, H.; McCluskey, J. M.; Miskjian, H. F.; William- 
son, G. S.; Rauschkolb, G. R.; Ruch, R. O., and Taliaferro, C.: Toxic Effects 
Following Use of the Arsphenamines, J. A. M. A. 97:897 (Sept. 26) 1931. 
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about the same figure. Other estimates were as follows: Filliol 
in France, 7.7 per cent; Milian and his co-workers,” about 20 per cent ; 
Ruge *? (incidence in the German marine corps), about 19 per cent; 
Gutmann,®? 7.4 per cent; Gerrard ®* (incidence in the British navy), 
$.6 per cent; Gorodetzky and Nartzissott ** in Russia, 2.5 per cent, and 
Gjessing °* in Sweden, | per cent. 

It is particularly illuminating to compare MeCrae’s *’ 1912 and 1926 
reports on tertiary syphilis of the liver. While in the former there 
was no mention of a case in which the conditions simulated catarrhal 
jaundice, in the latter it was necessary to specify that such cases had 
been excluded because the patients had all received arsphenamine. A 
similar impression is obtained trom the reports of MacLean,®” McDon- 
agh,** McDonald,”* Gottron,’* Broeq and O'Leary, Greene and Rown- 
tree.®? Another change was noted by Heinrichsdortf *” in the incidence 
according to sex. Previously icterus syphiliticus praecox had been pre- 
dominant in females by two to one. Paratherapeutic icterus, however, 
usually predominates in males. 

These changes, which directly followed the introduction of arsphena- 


of the liver 


mine in the frequency and the character of involvements 
in persons with syphilis, are so striking and definite that only arsphena- 
mine can be held responsible for them. 

3. Experimental Evidence of the Hepatotoric Action of the 
Arsphenamines.—Arsenic may be demonstrated in the liver and in the 
59. Filliol, L.: Les ictéres au cours de traitements arsénobenzoliques, Arch. 
dermat.-syph. de clin. de "hop. St. Louis 2:597, 1930 

60. Milian, G.; Lotte, and Delarue: L'ictére parathérapeutique, Bull. Soe. 
franc. de dermat. et syph. 35:873, 1928 

61. Gutmann, C.: Erfahrungen uber Ikterus bei Syphilitikern, Dermat. Ztschr 
37:39, 1922. 

62. Gerrard, W. I.: The Recognition of Latent Jaundice During Treatment 
with Arsenobenzol Compounds, Brit. M. J. 2:224, 1924. 

63. Gorodetzky, A., and Nartzissotf: Course and Diagnosis of Late Arsphena- 


mine Jaundice, Venerol. dermat. 7:25, 1930 
64. Gjessing, H. C.: Syphilis, Salvarsan, and Paratherapeutic Jaundice, Acta 


dermat. venerol. 11:479, 1930. 

65. MacLean, H.: Arsenobenzol Treatment of Syphilis, Brit. M. J. 2:944, 1921. 

66. McDonagh, J. E. R.: Acute Yellow Atrophy in Lues, Brit. M. J. 1:189, 
1918. 

67. Gottron: Akute gelbe Leberatrophie bei mit Salvarsan behandelten Syph- 
ilitikern, Dermat. Ztschr. 35:300, 1921-1922; 36:225, 1922 

68. Brocq, L.: Syphilitiques traités par les injections intraveneuses des nouveaux 
composés arsénicaux, Bull. méd., Paris 35:235, 1921 

69. O'Leary, P.; Greene, C. H., and Rowntree, L.: Diseases of the Liver: 
Various Types of Syphilis of the Liver with Reference to Tests for Hepatic 
Function, Arch. Int. Med. 44:155 (Aug.) 1929 

70. Heinrichsdorff : Leber-Lues, Salvarsan, Virchows Arch. f. path. Anat. 240: 
441, 1922-1923. 


074 ARCHIVES OF INTERNAL MEDICINE 


urine of both man and animals after an injection of arsphenamine, a 
many observers (Wilcox; Ullmann;** Policard and Pinard; 
Tachau,’* Morel and his co-workers *°) have demonstrated. However 
since arsenic may also be observed in the liver of a person in whon) 
jaundice does not develop, even though treated with arsphenamine, these 
facts are not of striking significance. 

On the other hand, laboratory animals suffer from focal hepatic 
necrosis and often from functional impairment when an arsphenamin: 
preparation is injected. This has been repeatedly demonstrated by 
Voegtlin,"® Hooper and his associates,*7 Morel and his associates,’ 
Kolmer and Lucke ** and others. Jaundice in animals has been difficult 
to induce, but Kolle,?® Hooper,?* Craven and Schifrin succeeded in 
doing so by administering huge doses of arsphenamine to dogs. 

4. Relation of the Incidence of Jaundice to the Quantity of the 
Drug Given—The relation of the quantity of a drug administered to 
the effect produced is usually difficult to demonstrate, because idiosyn- 


71. Wilcox, W. A.: Arsenobenzol Treatment of Syphilis, Brit. M. J. 2:944, 
1921; Lancet 1:869, 1919. 

72. Ullmann, K.: Ueber Ausscheidungswerte und Speicherungsverhiltnisse 
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Dermat. u. Syph. 114:511, 1912. 
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Lyon méd. 118:1340, 1912; Bull. et mém. Soc. méd. d. hop. de Paris 37:402, 1914. 
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77. Hooper, C. W.; Kolls, A. C., and Wright, K. D.: The Influence of Fasting, 
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Arsphenamine, Neoarsphenamine and Paraoxyaminophenylarsenoxide, J. Pharma- 
col. & Exper. Therap. 18:133, 1921. 

78. Kolmer, J. A., and Lucke, B.: A Study of the Histological Changes Pro- 
duced Experimentally in Rabbits by Arsphenamine, Arch. Dermat. & Syph. 3:483 
(April) 1921; A Study of the Histologic Changes Produced Experimentally in 
Rabbits by Neoarsphenamine, ibid. 3:515 (April) 1921; A Study of the Histologic 
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531 (April) 1921. 
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schr. 44:1177 and 1211, 1918. 
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During Arsphenamine Treatment, Bull. Johns Hopkins Hosp. 48:131 (March) 1931. 
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asy (using this term in its widest sense) may be involved. For 
nstance, Biele,“? Taege and Weigeldt reported cases in which a 
uge single or total dose of arsphenamine was given without producing 
aundice. On the other hand, Hyman *® and Lane *® reported cases in 
which jaundice occurred after a single conservative dose. Nevertheless, 


Rodin? Brodier ** and Laurent *’ were able to show in large series 
of cases that the incidence of jaundice varied directly with the size of 
the dose. Arndt,*® Friedmann,*! Heller “* and other syphilologists have 
reported a decrease in the incidence of jaundice following a reduction 
of the size of the routine dose. Recently the highest incidence has been 
reported from France, where, in general, vigorous treatment is practiced. 

Simon ** attributed the jaundice to excessively toxic batches of 
the drugs. But the fact that jaundice has occurred so universally with 
all brands and with numerous separate batches of the same brand 1s 
a strong argument against the assumption that faulty manufacture of 
the drug plavs a considerable role. 

5. Association of Jaundice with Other Toxic Manifestations of the 
Arsphenamines.—An objection often leveled against the theory of the 
toxic etiology of paratherapeutic icterus is the frequent absence of other 
toxic reactions to arsphenamine. That such additional reactions may be 
absent is not surprising, since one seldom sees multiple toxic effects 
associated with arsphenamine dermatitis or with encephalitis associated 

82. Biele, K.: Zur Dosierung des Salvarsans, Deutsche Med. Wehnschr. 47: 
619 (June 2) 1921. 
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46:1193, 1920. 
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496, 1920. 
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Treatment of Syphilis, Brit. M. J. 2:673, 1911. 
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8&8. Brodier, L.: Note sur l'ictére de l’arsénobenzol, Ann. d. mal. vén. 15: 


465, 1920. 

89. Laurent, C.: Les ictéres des syphilitiques traités par le novarsénobenzol, 
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with arsphenamine therapy and since sensitivity of one tissue or orga 
without a reaction on the part of the others is observed-in many othe 
fields of medicine. 

Nevertheless, the number of cases of multiple toxic phenomena 
observed is considerable. Arsphenamine dermatitis is the most common 
toxic accompaniment of jaundice; but aplastic anemia, agranulocytic, 
leukopenic and monocytic reactions of the hematopoietic system and 
polyneuritis are not rare. Among my cases was one of monocyti 
angina, previously reported by Rosenthal,’* and one of secondary anemia 
and leukopenia. Cole and his associates ** reported two cases in whicli 
the condition was complicated by arsphenamine dermatitis, in one of 
which aplastic anemia also occurred. The literature contains mat 
reports of cases with dual toxic phenomena. 

6. Jaundice in Nonsyphilitic Patients Treated with the Arsphen 
amines.—It is not uncommon to encounter jaundice as a complication of 
the treatment of nonsyphilitic diseases with arsphenamine. — Filliol °’ 
put the figure at 1.75 per cent. I have records of three such accidents 
—one in a case of chronic iritis, one in a case of multiple sclerosis and 
the third as the result of specific treatment in a case of syphilophobia 
Sicard and his collaborators,®® who first described paratherapeutic icterus 
without syphilis, reported two such cases. Bernheim,’* Lindstedt,” 
Nast ** and others have also reported cases. Ruge * reported fifty-two 
cases; however, many of his patients suffered from malaria or othet 
diseases that might possibly be associated with jaundice. 

The possibility that the condition in these cases may have represented 
intercurrent attacks of catarrhal jaundice will be discussed later. The 
assumption, however, is strongly indicated that arsphenamine was the 
sole cause. 

7. Relation of Jaundice Following Treatment with the Arsphen- 
amines to Active Syphilis of the Liver, the Herxheimer Reaction and 
So-Called Hepatorecurrences.—Concerning the jaundice occurring dur- 
ing the active treatment of syphilis with the arsphenamines (earl; 
icterus), there is ample reason to exclude syphilis as the cause. It is 
hardly credible that syphilitic involvement of the liver should progress 


94. Rosenthal, N.: Leucopenic Infectious Monocytosis, in Libman Anniversary 
Volumes, New York, International Press, 1932, vol. 3, p. 1003 

95. Sicard, Haguenau and Kudelski: Traitement de la syphilis nerveuse chro 
nique: Les éléments de controle de la médication novarsénicale, Bull. et mém. Soe. 
méd. d. hop. de Paris 43:833, 1919. 

96. Bernheim, E.: Syphilis- Ikterus- Salvarsans, Deutsche Med. Wehnschr 
51:904 (March 29) 1925. 

97. Lindstedt, F.: Ueber “Salvarsan Ikterus” und dessen Verhaltnisse zum 
“katarrhalischen” und syphilitischen Ikterus, Acta med. Scandinay. 59:209, 1923. 
98. Nast, in discussion, Dermat. Wchnschr. 69:505, 1919. 
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ier treatment with arsphenamine while other syphilitic phenomena 
isappear. Furthermore, many patients already have a negative Wasser- 
ann reaction by the time the jaundice appears. 

Some physicians regard the rare reaction which follows the first or 
econd injection as a Herxheimer reaction ; but even here, the considera- 
ons just mentioned, as well as the fact that spirochetes have never been 

demonstrated in the livers of patients dying of arsphenamine jaundice, 
make this seem improbable. Milan's concept of biotropism, i. e., that 
bactericidal drugs may somehow enhance the virulence of localized 
organisms, 1s too speculative to be accepted without further evidence. 

Jaundice occurring after a lapse of treatment with the arsphenamines 
(late icterus ) has been regarded by many as a recurrence of active syphi- 
lis affecting the liver only (so-called hepatorecurrence or monohepatore- 
currence). The evidence against this conception is overwhelming. One 
finds that the patients have almost uniformly received adequate treat- 
ment; the reaction to the Wassermann test is often negative, and the 
jaundice never has been reported as occurring with manifestations of 
active syphilis. Indeed, Gennerich " stated pointedly that an isolated 
syphilitic hepatorecurrence is never encountered. He insisted, with 
justice, that the last organ to give evidence of a syphilitic relapse is 
the liver, and that when this involvement of the liver does occur there 
are always a well marked exanthem, a positive Wassermann reaction 
and a history of insufficient treatment. The condition in these cases 
is therefore to be considered as icterus syphiliticus praecox. The con- 
dition in all of Ruge’s * and Fuhs’ and Weltmann’s ** cases conformed 
to this formula. As for the so-called hepatorecurrences in cases of 
tertiary syphilis, one would hardly expect to see a relapse from the ter- 
tiary into the secondary stage. Moreover, Gutmann "! did not encounter 
a single case of late icterus with any evidence of active syphilis in a 
series of seventy-five cases. 

Paratherapeutic icterus, therefore, cannot be considered as a mani- 
festation of active syphilis of the liver in any form, recurrent or 
otherwise. 

8. Certain Arguments Usually Brought Against the Arsphenamine 
Etiology of Jaundice.—Latent Period Associated with Late Icterus: (a) 
Time relationships. One of the chief obstacles to the acceptance of 
iate icterus as a product of the toxicity of arsphenamine is the difficulty 
in believing that a drug could cause its toxic manifestation long after 
the last dose was given. The opinion that it is an active syphilitic 
hepatorecurrence has already been discussed. Another view often 
maintained is that late icterus is merely catarrhal jaundice, which has 
accidentally attacked a syphilitic patient who has been treated with the 
arsphenamines. The chronological curve of the incidence of late icterus, 
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as shown by many long series of cases, reaches a peak from the fourt 

to the eighth week after the last antisyphilitic injection and then fall 

otf to the ninth or tenth month. If late icterus were, in truth, accidenta 
catarrhal jaundice, there would be just as many cases occurring twenty 
months after the last injection as two months after. Probably only th: 
few scattered cases of jaundice that do occur after the tenth month 
are fortuitous cases of catarrhal jaundice. ‘This definite curve of 
incidence therefore indicates a real relationship between late icterus 
and the previous administration of arsphenamine. 

Late icterus, it should be noted, represents as much as 70 per cent 
of the cases of paratherapeutic jaundice (Ruge). In the small series 
of cases analyzed here it constituted 50 per cent. 

(b>) Studies of hepatic function. Although it is difficult to trace 
the course of hepatic degeneration by tests of the function of the liver, 
if judiciously studied the results do not fail to bring important, even 
if limited, indications that the injection of arsphenamine may be fol 
lowed by hepatic damage even when jaundice is not produced. Wallis,” 
using the test for lipase in the blood, which according to the early work 
of Quinan!"" and Whipple '"' (1913) seems to be well founded, was 
able to show that after arsphenamine therapy, even though jaundice was 
not produced, functional damage to the liver reached its maximum about 
two months after the last injection. The damage gradually receded to 
normal at about the sixth month after the injections were stopped. 
Wallis confirmed these results with the levulose tolerance test. Similar 
results were also obtained with Widal’s hemoclastic crisis, which, how- 
ever, is a test the reliability of which has been seriously questioned. 

This evidence may be correlated with the work of Chargin and 
Orgel,""? who observed the level of bilirubin in the blood during and 
after arsphenamine therapy. Of eighty-two patients, fourteen showed 
an elevation of the level of bilirubin in the blood in the absence of 
frank clinical jaundice, the elevation appearing from three to five weeks 
after the last injection of arsphenamine. Kloeppel '’* and Schneider 
confirmed these results. Indeed, it is known that severe degenerative 
hepatic disease may be present and may even cause death without the 


99. Wallis, R. L. M.: Brit. M. J. 2:944, 1921. 

100. Quinan, C.: Lipase Studies, J. M. Research 32:45 and 73, 1915. 

101. Whipple, G. H.: A Test for Hepatic Injury: Blood Lipase, Bull. Johns 
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earance of jaundice (Bergstrand,'’* Rolleston and 


case deseribed by Stewart, Vining and Bibby 


106 


illustrates this fact: 
\ virl, who was said to have had faint jaundice for two days after an 
injection of arsphenamine, died suddenly during a minor operation. 
This took place three months after the last injection of arsphenamine, 
and at the time of death there was no jaundice. Necropsy showed acute 
vellow atrophy. 

The considerations already enumerated point to the existence of 
latent demage to the liver after treatment with arsphenamine in a con- 
siderable percentage of cases, even in the absence of jaundice. 

(c) Analogy to the other hepatotoxins. Analogy may serve further 
to mitigate one’s incredulity, since delayed jaundice is not produced 
only by arsphenamine but may be caused by other hepatotoxins as well. 
Tri-nitrotoluene, acetylene-tetra-chloride, di-mitrophenol and blue cross 
gas (di-phenylchlorarsine ) have produced late icterus. “The number of 
cases of tri-nitrotoluene poisoning that occurred several months after 
the victims had severed all connections with munitions factories is fairly 
large. Also, experimentally, Mallory and Parker '* noted that in cases 
of acute copper poisoning the maximal hepatic damage does not appear 
immediately but is delaved more than two weeks. 

Thus, the definite time relationship, the evidence of functional tests 
and the analogy to other hepatotoxins point to the etiologic importance 
of the arsphenamines in cases of late icterus. 

Disappearance of Jaundice Following the Use of Arsphenamine 
While More Arsphenamine Is Being Given: (a) Analogy drawn from 
experimental pathologic changes in the liver. The most impregnable 
defense of those who have asserted the syphilitic etiology of arsphenam- 
ine jaundice is the faet that the jaundice may disappear during 
the continued administration of arsphenamine, a point stressed particu- 
larly by Milan, Lotte and Delarue.** Wosegien,” Fabry and their 
followers, who assumed that thereby the syphilis of the liver was cured. 
Many have expressed the opinion that this argument is false, since it 
is well known that the patient also recovers without any antisyphilitic 
treatment. An adequate explanation of this paradox has not yet been 
advanced. 
104. Bergstrand, H.: Ueber die akute und chronische gelbe Leberatrophie mit 
besonderer Berucksichtigung ihres epidemischen Auftretens in Schweden im Jahre 
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Nevertheless, there are certain observations on the experimental 
pathologic changes of the liver which yield suggestive intimations 
the mechanism of this paradoxical disappearance of arsphenam 


jaundice under continued specific therapy. Anderson '’" and Lacquet, 
co-workers of F. C. Mann, performed partial hepatectomy on rats and 
observed that the newly regenerated hepatic tissue was less easily and 
less extensively damaged by chloroform and carbon tetra-chloride than 
the normal liver. This observation is of the utmost significance, for 
postmortem examinations have shown that acute yellow atrophy without 
some evidence of regeneration and hyperplasia of the liver is uncomniw) 
Therefore, when one gives arsphenamine to a patient with parathera- 
peutic icterus, the drug meets not only the same liver tissue that was 
present on previous injections but a regenerating or newly regenerated 
tissue different in many respects from its parent tissue—difterent 
the content of glycogen, fat and protein (Hashimoto and Pick '''), 
different in its reactive potentialities and different perhaps in its sen- 
sitivity (Rossle'*). That this regeneration actually occurs was seen 
clearly in case 1, in which death occurred accidentally during the heal- 
ing stage of paratherapeutic icterus. 

The experimental observations of Opie and Alford,''® Quinan 


and Davis and Whipple ''! support the theory just mentioned. Thesi 
authors found that animals surviving the administration of hepatic poison 
could be given equally large doses of the poison shortly afterward 


without increasing the necrosis of the liver. Ogata!” using icterogen, 
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Arch. Path. 14:335 (Sept.) 1932. 
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werful hepatotoxic organic arsenical preparation, noted that  sur- 
ug poisoned rats, even while jaundiced, were unaffected by repeated 
ctions of ordinarily lethal doses of the same poison. Schifrin“! in 


11 


experiments with sodium arsphenamine, observed that in a dog in which 
jaundice had developed icterus did not recur when a larger dose was 
viven one week later. Thus, it is evident that in animals under control 
conditions, even with arsphenamine poisoning, phenomena occur which 
are analogous to the paradoxical innocuousness of arsphenamine used 
in the treatment of paratherapeutic jaundice. 

Phat young cells may be more resistant to hepatic poisons was also 
indicated by the work of Whipple "!® (1912). He noted that the livers 
of young pups were resistant to chloroform poisoning. This was later 
attributed by Graham ''* to the high glycogen content of their livers. 

It must also be noted that Love.''* another co-worker of Mann, 
obtained results contrary to those of Anderson and Lacquet. Using 
phosphorus instead of chloroform and carbon tetra-chloride, he found 
that phosphorus damaged the regenerated tissue more than the normal 
tissue. This observation neither denied the results of Anderson and 
Lacquet, who used chloroform and carbon tetra-chloride, nor destroyed 
my analogy, but it did emphasize the complexity of hepatic reactions. 
lhe explanation of these atypical reactions is probably connected with 
the fact that phosphorus causes fatty changes and necrosis in the 
periphery of the liver lobule, while chloroform, carbon tetra-chloride and 
the arsphenamines which cause acute yellow atrophy, destroy chiefly the 
central and middle portions of the lobule. 

(>) Untoward accidents and recurrences of the jaundice. The 
mechanism just described is not always sufficient to protect the liver 
from the toxic effects of further treatment with arsphenamine. Con- 
trary to the many reports of Milian, one may not recklessly continue 
the injection of arsphenamine in cases of paratherapeutic jaundice. 
Not only have a number of deaths occurred after such procedure but 
patients who had been doing well on nonspecific therapy have had a 
relapse on the resumption of treatment with arsphenamine. Milian 
and his associates,"° reported that in four of ninety-three cases of 
paratherapeutic icterus in which neoarsphenamine was administered 
there were fatal results, which they attributed vaguely to certain acci- 
dental factors. The condition in Ravaut’s “’ cases was more definite. 
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Twice coming under Mihan’s influence, he was twice compelled to 
renounce Milian’s methods because of fatal results. Sicard reported 
the case of a patient with paresis in whom icterus developed during 
treatment. Turther specific therapy, though ordered to be stopped, was 
by accident continued; the result was death of acute yellow atrophy, 
Chargin and Orgel '*? caused frank jaundice to appear by continuing 
to treat three patients in whom during arsphenamine therapy latent 
icterus had already developed, according to the estimation of the 
bilirubin content of the blood. Schneider.!'’ Gerrard and Dixon. 
Campbell and Hanna similar experiences. Todd also 
expressed the opinion that jaundice is aggravated by the continuation 
of treatment with arsphenamine. Nicaud'** reported three cases in 
which the condition either grew worse or recurred after therapy was 
resumed, one patient suffering four relapses. Leredde and Kuene- 
mann '** reported a case in which jaundice recurred six times before 
treatment with arsphenamine was finally abandoned. Laurent,*’ 
Stumpke '** and Wechselmann and Hohorst similar’ experi- 
ences. One of my patients had two attacks of paratherapeutic icterus 
ten years apart. These reports gain greater significance from the con- 
sideration of the following facts: (1) I have not been able to find in 
the literature a record of a relapse with nonspecific therapy; (2) there 
were no deaths (save in case 1) or recurrences in the thirty-one cases 
I observed, although all the patients were treated with nonspecific 
therapy, with the addition of bismuth in a few instances. 

9. Relation of Jaundice Following Arsphenamine Therapy to Epi 
demic or Endemic Catarrhal Jaundice.—It remains now to consider the 
problem of the identity of paratherapeutic icterus with epidemic or 
endemic catarrhal jaundice. No definite evidence of such an identity 
has yet been presented. However, Stokes, Reudemann and Lemon,"" 


Ruge ** and many others have expressed the opinion that the increase 
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the occurrence of paratherapeutic icterus is explained by a simul- 
neous increase in the occurrence of catarrhal jaundice. Epidemics of 
itarrhal jaundice are common, and they occurred with frequency 
‘fore the era of arsphenamine therapy. Hennig '*° in 1890 reported 
ighty-six epidemics of jaundice in all quarters of the world during 
the preceding one hundred and ninety years; yet in none of these 
epidemics was an unusual proportion of syphilitic persons noted. How- 
ever, if paratherapeutic icterus today is to be regarded as catarrhal 
jaundice, the proportion of syphilitic persons in the latter group would 
be astounding (approximately 20 per cent, according to my statistics ). 

Ruge, for instance, reported statistics on a large number of cases 
of jaundice in the German marine, which showed that the proportion 
of persons treated for syphilis who sutfered from jaundice was approxi- 
mately eight times greater than the general incidence of jaundice in 
the entire group. Todd '*" in 1921 reported statistics on the incidence 
of jaundice among the British troops on the Rhine, where catarrhal 
jaundice was endemic at the time. Of syphilitic soldiers treated with 
the arsphenamines, jaundice developed in 8.3 per cent, while only 0.3 
per cent of the rest of the troops were affected. 

Statistics at the Mount Sinai Hospital indicate that during the past 
five years the incidence of paratherapeutic jaundice among syphilitic 
persons was four times greater than the incidence of catarrhal jaundice 
and acute yellow atrophy among the patients on the general medical list 

Furthermore, as was pointed out before, the curve of incidence of 
cases of late icterus rules out the possibility of a chance intercurrent 
disease being responsible for the jaundice. Moreover, Zimmern !*7 
and Ruge ** pointed out that during the World War the incidence of 
catarrhal jaundice in Germany did not increase remarkably, while the 
incidence of jaundice associated with arsphenamine therapy decidedly 
did. The graphic data of Miller '** also show that catarrhal and 
arsphenamine jaundice did not predominate during the same periods. 

There are other circumstances leading to the conclusion that 
catarrhal jaundice is not identical with paratherapeutic icterus. For 
instance, the severity of the jaundice, as measured by the proportion 
of cases of acute yellow atrophy, is generally greater in cases of para- 
therapeutic icterus than in cases of catarrhal jaundice, as demonstrated 
by the statistics of both Heinrichsdorff *° and Ruge.t? The series of 
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cases mentioned in the reports of the Medical Research Council '* ¢ 
Great Britain and the series reported by Silbergleit and Fockler 

were attended by extremely high mortality. Nuznitzky and Fuchs! 
also expressed the opinion that the increase in the incidence of acut: 
yellow atrophy following arsphenamine therapy was absolute and was 
not related to an increase in the incidence of catarrhal jaundice jj) 
recent years. 

All these observations speak for the fundamental independence of 
paratherapeutic icterus and of catarrhal jaundice, although I shall later 
point out that the conditions may sometimes act together in summation 
or potentiation. 

10. Factors Which Predispose to the Occurrence of Arsphenamin 
Jaundice: Endemic Catarrhal Jaundice, Malnutrition, Ete-—From the 


foregoing facts it is concluded that paratherapeutic icterus is caused 
fundamentally by the effect of the arsphenamines on the liver. The 
word fundamentally is emphasized because there are apparently other 
contributory or predisposing factors of definite, though less, importance, 
which may act with the arsphenamines as summating or potentiating 
agents. 

Masson '** demonstrated experimentally that if the liver of an 
animal is damaged by chloroform, the proportion of a subsequent dose 
of arsphenamine taken up by this injured liver will be greater than that 
taken up by the normal liver; Rossle ''* reported similar results. Thi- 


roux and his associates '* found that if sheep serum, which is extremely 


toxic to rabbits when injected intravenously, is injected subcutaneously 
no harmful effect is apparent. But, if this is followed by a dose of 
arsphenamine, jaundice and hepatic damage ensue. Control animals 
given horse serum and arsphenamine were unaffected. These experi- 
ments suggest that another hepatotoxic agent acting on the liver simul- 
taneously with the arsphenamine may potentiate the effect of the latter. 


129. Reports of the Salvarsan Committee, Toxic Effect Following the Employ- 
ment of Arsenobenzol Preparations, Medical Research Council, Special Report 
Series, no. 66, London, His Majesty's Stationery Office, 1922; Result of the 
Examination of the Tissues from Eight Cases of Death Following Injection of 
Salvarsan, Medical Research Council, Special Report Series, no. 55, London, His 
Majesty’s Stationery Office, 1920. 

130. Silbergleit, H., and Fockler: On Icterus and Acute Yellow Atrophy in 
Syphilitic Patients in Relation to Neosalvarsan Treatment, Ztschr. f. klin. Med. 
88 : 333, 1919. 

131. Kuznitzky, E., and Fuchs: Ueber Nebenwirkungen verschiedener Salvar- 
sanpraparate besonders in Frauen, Arch. f. Dermat. u. Syph. 138:222, 1922. 


132. Masson, L. V.: Pathogénie clinique et expérimentale des ictéres dits 
arsénobenzoliques, Thése de Strasbourg, 1925. 
133. Thiroux, A.; Bouvelet, C., and Arlo, J.:| Hypertoxicité du novarsénoben 


zol pour les lapins préparés par injections souscoutanées de sérum de moutons, 
Compt. rend. Soc. de biol. 88:491, 1923. 


CRE 
=" 
4 
4 
Be 
4 
a 


SAGER—JAUNDICE SYPHILIS 685 


\t the British military hospital at Cherryhinton an “epidemic” of 
lirty-seven cases Of arsphenamine jaundice occurred, with a mortality 
i 50 per cent from acute yellow atrophy, although there were no cases 

jaundice in the hospital among a large number of patients with 
onorrhea. ‘There was a small epidemic of catarrhal jaundice in the 


same neighborhood at the same time, which chiefly affected school chil- 


dren." With the observations on this “epidemic,” those of ‘Todd and 
Kuge mentioned in the preceding section should be considered. 

Stokes, Reudemann and Lemon,*" of the Mayo Clinic, reported that 
irom 1916 to 1918 they observed only six cases of paratherapeutic 
icterus; among a similar total number of patients treated with essen- 
tially the same technic, type and dose of drug from 1918 to 1920, there 
were sixty-four cases. They pointed out that during the latter two 
years there was a series of small epidemics of catarrhal jaundice in 


the region of Rochester, Minn. In addition, in most of the cases 


paratherapeutic icterus followed closely an infection of the upper 


respiratory tract. Nast also stressed the role of infections of the upper 


respiratory tract in predisposing to paratherapeutic icterus. Stokes and 
his associates mentioned arthritis as a possible factor predisposing to 
arsphenamine jaundice. One of Severin and Heinrichsdorff's patients 
and several of our patients complained of arthritis or arthritic pains 
shortly before the onset of the jaundice. 

It seems logical that when two hepatotoxic agents, each in itself 
insufficient to cause jaundice, affect a particular person they may 
together bring about the appearance of jaundice. In an epidemic of 
catarrhal jaundice there must be many latent cases in which the admin- 
istration of arsphenamine might precipitate frank jaundice. The con- 
tributory factor may also be any infection of the respiratory tract or 
intestinal, arthritic or general infection or toxin that is distinguished 
by a hepatotropic toxic effect. Renal diseases may also aggravate the 
susceptibility to hepatic degeneration. Voegtlin * noted an increase in 
the toxicity of arsphenamine to the liver after ligation of the ureters, 
and Lazerat*** and Nicaud '** suggested that functional renal damage 
may retard the excretion of arsenic and seo overload the liver. 

Other factors which have been considered as exercising a deleterious 
effect on the liver and thus predisposing to jaundice are general debility, 
malnutrition, starvation and perhaps even certain vitamin deficiencies, 
pregnancy and the puerperium. Kraus.'** Wolf,'" Hoppe-Seyler 


134. Lazerat, J.: Contribution a l'étude de l'ictére grave apparaissant chez les 
syphilitiques traités par les arséno-benzénes, Thése de Paris, 1926. 


Kraus, F.: Ueber Ikterus als “fthrendes” Symptom, Berl. klin. Wehnschr. 


Ueber Lebererkrankungen und ihre Behandlung unter 
dem Einfluss der Kriegsverhaltnisse, Med. Klin. 15:1105, 1919, 
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and Gutmann “' emphasized these factors. It was pointed out that i: 
Holland and Switzerland, where the nutritional effects: of the World 
War were felt least, jaundice was comparatively rare. thy 
other hand, other observers stated that jaundice was most prevalent 
after 1918, when nutrition was considerably improved; but one cannot 
be certain that the effects of years of privation can be remedied in a 
short time. A number of my cases of paratherapeutic icterus occurred 
among the Latin-American inhabitants of New York, whose unhygienic 
environment and improper nutrition are well known. 


SUMMARY 

An investigation has been made of the circumstances associated with 
the occurrence of jaundice complicating arsphenamine therapy. It was 
first pointed out that benign and fatal (acute yellow atrophy) jaundice 
must be considered as the same disease, differing only in_ severity. 
Definite anatomic syphilis of the liver (gumma, etc.) is not associated 
with frank jaundice or with the syndrome of catarrhal jaundice or of 
acute yellow atrophy. 

sefore the introduction of arsphenamine frank jaundice in persons 
with syphilis was rare (an incidence of 0.37 per cent) and occurred 
only in the secondary stage. This former rarity of jaundice with 
syphilis was compared with its subsequent frequency in both secondary 
syphilis and tertiary syphilis following treatment with the arsphena- 
mines. This frequency of incidence is so striking as to permit the 
conclusion that paratherapeutic icterus is caused by the direct toxic 
effect of the arsphenamines on the liver. 

In favor of this view the following facts were pointed out: 
1. Experimentally, arsphenamine damages the liver and its functions, 
and it is possible to cause jaundice in dogs by giving large doses of 
the arsphenamines. 2. The incidence of paratherapeutic jaundice 
increase 


s roughly with the quantity of drug used. 3. Paratherapeutic 
jaundice is also observed as a complication in cases of nonsyphilitic 
diseases in which treatment is carried out by means ot the arsphena- 
mines. +. There is an occasional concomitant occurrence of other types 
of intoxications caused by arsphenamine, such as arsphenamine derma- 
titis. 

Against the theory that paratherapeutic icterus is caused by active 
syphilis of the liver or represents a Herxheimer reaction are the 
following observations: 1. The patient is usually receiving active treat- 
ment with a specific drug. 2. The Wassermann reaction is often nega- 
tive. 3. No other concomitant lesions of active syphilis are found. 
4. In fatal cases S. pallida is not found in the liver. 
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While in cases of jaundice with true recurrent secondary syphilis 
the Wassermann reaction is always positive, an exanthema is present 


and there is a history of insufficient treatment, these phenomena are 


absent in cases of late icterus, which is therefore not to be regarded 


as an active syphilitic hepatorecurrence. The objection that the delay 


between the last injection of arsphenamine and the first appearance of 


jaundice in cases of late icterus speaks against the arsphenamine etiology 


of paratherapeutic icterus was met by the following facts: 1. The 


period of latency is not a haphazard interval but is limited to approxi- 


mately ten months. 2. [ven in the absence of jaundice, the liver and 


its functions may be damaged during this latent period. 3. Other well 


known hepatotoxins often show a similar latent period 


It has been demonstrated experimentally that young and regen- 


erating hepatic tissue is relatively insusceptible to hepatotoxins. .\ liver 


injured by a certain hepatotoxin and therefore undergoing regeneration 


can subsequently withstand larger doses of the same toxic substance. 


Therefore, when arsphenamine is given to a patient suffering from 


paratherapeutic icterus, it is usually received by a liver which contains 


regenerating or recently regenerated tissue and which therefore is less 


susceptible to injury than the original tissue. This fact probably 


explains the paradoxical cure of arsphenamine jaundice during con- 


tinued arsphenamine therapy. .\ttention was also called to the fact 


that in a small proportion of cases resumption of treatment with 


arsphenamine causes an aggravation of the jaundice or death from 


acute yellow atrophy of the liver and that in some cases if treatment 


with arsphenamine is resumed after the jaundice has disappeared a 


relapse may take place. 


Paratherapeutic icterus cannot be considered identical with epidemic 


or endemic catarrhal jaundice; it is distinguishable by epidemiological 


and other evidence. 


Finally, attention was drawn to the possibility that certain infec- 


tions, toxins and other debilitating factors may act on the liver in such 


manner as to summate with, or potentiate, the effect of the arsphena- 


mine. 


CONCLUSIONS 


Jaundice of the type seen in catarrhal icterus does not occur with 
definite anatomic syphilis of the liver. 


Jaundice occurs in 0.37 per cent of untreated persons with secondary 


syphilis and is caused by the toxic effect of the generalized spirochetosis. 

Since the introduction of arsphenamine, jaundice has been 
observed with tremendously increased frequency, and it has been noted 
both in cases of secondary syphilis and in cases of tertiary syphilis. 
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The arsphenamines are hepatotoxic and are responsible for the 
syndrome of paratherapeutic icterus. The latent period of late icterus 
does not militate against this concept. 

The apparent greater tolerance for the arsphenamines displayed 
by syphilitic persons suffering from paratherapeutic icterus is attri- 
buted to the greater resistance to hepatic poisons of recently regenerated 
hepatic tissue. 

Paratherapeutic icterus is not identical etiologically with catarrhal 
jaundice. 

The significance of predisposing and contributory factors, such as 
endemic catarrhal jaundice, malnutrition, etc., has been discussed. 


ANALYSIS OF CASES 


The table contains an analysis of the cases observed in the medical 
service of the Mount Sinai Hospital during the past five years. The 
number of cases of tertiary syphilis of the liver and the combined total 
number of cases of catarrhal jaundice, acute and subacute vellow 
atrophy and coarse nodular cirrhosis have been included for comparison. 

In the cases of late icterus the average length of the period elapsed 
since the last injection of arsphenamine was almost four months, an 
average delay much longer than that usually reported in the literature. 
The shortest interval was two weeks, and the longest eight months. 

Case 1. History and Course —V. L., a retired fruit broker, aged 65, was 
admitted to the service of Dr. B. S. Oppenheimer on Novy. 6, 1933. His wife had 
had several miscarriages; however, the patient said that he had not had venereal 
disease. He was known to have had hypertension for ten years and had been 
suffering from dyspnea on exertion for the past five years. 

Recently, during the course of a routine physical examination the Wassermann 
reaction of the blood was found to be positive. The patient then received a course 
of intravenous arsenical antisyphilitic injections, the last injection of which was 
given two weeks before he was admitted to the hospital. Shortly after the last 
injection he experienced a chill. Four days after the chill his right wrist became 
red, hot, swollen and painful, and four days later he vomited several times and 
became jaundiced. 

Physical examination revealed the patient to be decrepit and jaundiced. His 
pupils reacted normally. The lungs were clear. The heart was enlarged downward 
and to the left, and there were a systolic and a diastolic murmur at the base. 
The blood pressure was 185 systolic and 85 diastolic. The right wrist and the 
right ankle were swollen, red and tender. The neurologic examination gave 
negative results. The diagnosis was paratherapeutic icterus, syphilitic aortitis and 
gonorrheal arthritis. 

The temperature varied between 101 and 103 F. The white blood cell count 
was 28,600 per cubic millimeter, 92 per cent of the cells being polymorphonuclears. 
The van den Bergh reaction in the direct phase was prompt and positive and in 
the indirect phase showed 2.5 mg. of bilirubin per hundred cubic centimeters of 
serum. The icteric index was 35. The total phase showed that the cholesterol 
content of the blood was 160 mg. per hundred cubic centimeters, and the esterified 
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fraction was 65 mg. The Wassermann and Kahn reactions of the blood were 


} plus. The urine contained tyrosine and urobilin. The stool was brown at alli 


times. Fluid obtained on aspiration of the right wrist joint revealed gram-negative 


intracellular diplococci, which proved on culture to be meningococci. The patient 


was given a diet high in carbohydrates. Specific treatment was not given. 


Three days after the patient was admitted he became stuporous. His neck was 


rigid, and the Kernig sign was elicited. A spinal tap yielded cloudy fluid, 


containing 2,000 cells per cubic millimeter, of which 70 per cent were poly- 


morphonuclear leukocytes. Meningococci were present in the culture of the fluid. 


Antimeningococcic serum was administered intraspinally, intramuscularly and intra- 


venously. The patient soon brightened mentally, the fever and swollen joints 


subsided, the spinal fluid became sterile and the cell count diminished rapidlv. 


The Incidence of Jaundice With Syphilis 


Total 
Number 


Condition of Cases Deaths 


Icterus syphiliticus praecox. 4 0 


Paratherapeutie ieterus with syphilis 
Secondary syphilis 
Tertiary syphilis 


Early ieterus 
Late icterus 


Peratherapeutie icterus in nonsyphilitie persons 
Early ieterus : 
Late jeterus . 


Total 


Total number of cases of jaundice with either syphilis or arsphen 
amine therapy or both 


Tertiary syphilis of the liver without jaundice (one patient faintly 
jaundiced) 


Catarrhal jaundice, acute and subacute yellow atrophy and coarse 
nodular cirrhosis in nonsyphilitie persons 14 


The patient had been doing well for two weeks and was out of bed when he 
relapsed into stupor. The spinal fluid at this time was normal. The icteric index 
was down to 15, and the van den Bergh test in the direct phase gave negative 
results and in the indirect phase showed 0.2 mg. of bilirubin per hundred cubic 


centimeters. The urine no longer contained tyrosine but still showed urobilin. The 
cholesterol content of the blood had diminished to 115 mg. per hundred cubic 
centimeters, with only traces of cholesterol esters. The scleras were still slightly 


jaundiced. 
The patient remained in a stupor and died four days after his relapse. The 


cause of death was clinically unclear. 


Postmortem Examination—This was carried out on December 6 by Dr. Lich- 


tenstein, Dr. Jarcho and Dr. Bender. The anatomic diagnosis was confluent 


bronchopneumonia of the lower lobe of the left lung (the cause of death), chronic 


and acute bronchitis, healing meningococcic meningitis, meningococcic arthritis of 
the right wrist and right ankle, focal parenchymatous necrosis of the liver, with 
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atrophy, fibrosis and regeneration, icterus (slight), syphilitic mesaortitis, chronic 
rheumatic valvulitis of the mitral, aortic and tricuspid valves and acute infectious 
splenic swelling. 

Examination of the Liver: The liver was distinctly smaller than normal: jt 
weighed 1,000 Gm. Its capsule was finely and diffusely wrinkled. The consistency 
was flabby throughout, the left lobe seeming flabbier and more atrophic than the 
right lobe. The cut surface was yellowish brown. The normal lobulation was 
distinctly visible, but the individual lobules were small. The hepatic and portal 
vessels were grossly normal. The extrahepatic bile ducts and the gallbladder 
appeared to be normal. The gallbladder contained dark green, viscid bile. 

Sections of the liver were stained with hematoxylin and eosin, Van Gieson’s 
stain and sudan III and by the silver impregnation method. The normal lobular 


Fig. 1—Foci of degeneration of hepatic cells, with an invasion of lymphocytes 


and polymorphonuclear leukocytes. Hematoxylin and eosin stain. 


structure of the liver and the normal appearance of the cords of the liver cells 
were generally easily recognizable on low power examination in sections made of 
the right lobe of the liver. In sections of the left lobe the cords were broken up 
by a dissociation of each cell from its neighbors. Scattered about the liver lobule, 
but more commonly located in the central zone, were foci varying in size from 
that of a single cell to one fifth of a lobule, in which the hepatic architecture 
was not present or was discernible with difficulty. The liver cells were polygonal, 
with mottled granular cytoplasm and round vesicular nuclei with a single large 
reddish-blue nucleolus. A moderate degree of fatty vacuolation of the cells in 
the central areas was noted. Here and there, singly or in groups, as mentioned 
previously, cells were seen the cytoplasm of which was very granular, stained 


faintly with eosin and contained much granular green bile pigment. Many of 


SAGER—JAUNDICE SYPHILIS 691 


ese cells were shrunken and rounded, sometimes with only an amorphous mass 
débris remaining. The nuclei of these cells were faint or absent. In such 
eas the capillaries were wide and the framework was conspicuous. A few bile 
rombi were noted in the bile canaliculi. Occasionally an area of such cells was 
vaded by lymphocytes and a few polymorphonuclear leukocytes (fig. 1). Else- 
vhere these foci contained a few thickened collagen fibers which stained red with 
the Van Gieson stain or were entirely replaced by small scars (fig. 2). The 
reticular framework throughout, as revealed by the Van Gieson and the silver 
stain, was coarse and thickened. In the vicinity of foci of degeneration large cells 
with copious amounts of cytoplasm containing little or no bile pigment were seen. 
Pheir nuclei were large, dark-staining and somewhat irregular and often contained 


Fig. 2—A collagenous sear in the parenchyma of the liver. Hematoxylin and 


eosin stain. 


multiple nucleoli. Cells with multiple nuclei were common, but no mitoses were 
discovered. A few nuclei contained a large clear vacuole, which pressed the 


chromatin to the periphery—so-called glycogen degeneration of the nucleus. The 


Kupffer cells were generally spindle-shaped and sometimes showed small cyto- 


plasmic vacuoles. Some round cells were present in the sinusoids, which in the 
central zones were moderately congested with red blood cells. Many of the portal 
spaces were heavily infiltrated with lymphocytes and polymorphonuclear leukocytes, 
and in some instances the spaces showed proliferation of fibroblasts and thickening 
of the connective tissue. The portal vessels and bile ducts were without significant 
change. 
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This case appears to have been one of paratherapeutic icterus 
which the meningococcic infection was possibly a factor contributin 
to a slight extent toward the degeneration of the liver. However, siti 
jaundice is unknown in cases of meningococcic infection, there can |) 
little doubt that the injections of arsphenamine were of primary impo 
tance. Death occurred from confluent bronchopneumonia at a_ tin, 
when the jaundice had almost entirely disappeared and the liver was 
evidently improving. The opportunity to examine the liver at. this 
stage was very fortunate, since it demonstrated clearly both the focal 
necrosis of the liver and the processes of healing, i. e.. regeneration 
and scarring. There were no indications of an acute or chronic inflam 
matory process in the liver. 
Case 2.—I. L. was a Pole aged 42. His past history was irrelevant. Eight year 
previously the patient had a chanere. The Wassermann reaction was 4 plus, and 
treatment was begun with arsphenamine and mercury. The injections of arspher 
amine were frequently followed by seizures of mental confusion. Four years later 
treatment was resumed, with similar reactions. One year before hospitalization 
the Wassermann reaction was 2 plus, and treatment with neoarsphenamine was 
started. The reaction was so severe that intravenous therapy had to be abandoned 
after several injections, and treatment was continued with bismuth. 

Seven and a half months after the last intravenous injection the patient com 
plained of weakness and anorexia, and three days later he became frankly jaundiced 
He was well nourished and in good general condition. The liver was tender and 
sharp-edged and was felt 3 cm. beneath the costal margin; the spleen was not 
palpable. The chest was normal. There was evidence of mild dementia paralytica 
The Wassermann reaction was negative, and the Kahn reaction was reported as 
plus-minus. The hemoglobin content was 98 per cent and the white blood cell! 
count was 6,900 per cubic millimeter, with polymorphonuclear leukocytes, 76 per 
cent, lymphocytes, 14 per cent, monocytes, 4 per cent and eosinophils, 6 per cent, 
The stool was always brown and gave a positive reaction for urobilin, as did the 
urine, which was deeply stained with bile. The urea and sugar contents of the 
blood were normal. The cholesterol content was: total, 250 mg. per hundred cubic 
centimeters, and the esterified fraction, 125 mg., or 50 per cent of the total (normal) 
The icteric index was 60; the van den Bergh reaction in the direct phase was 
delayed and positive and in the indirect phase showed a proportion of 1 :20,000, or 
5 mg. of bilirubin per hundred cubic centimeters of blood serum. Because of the 
nonobstructive jaundice and the history of intolerance tor arsphenamine, a tentative 
diagnosis of paratherapeutic icterus was made, and conservative treatment was 
instituted. However, anorexia and nausea prevented the use of an adequate diet, 
there was mild fever, the liver became further enlarged and ascites appeared ; 
paracentesis yielded 300 cc. of bile-stained fluid. The icteric index rose to 1435, 
and the van den Bergh reaction in the direct phase was prompt and positive and 
in the indirect phase showed a proportion of 1:10,000, or 10 mg. of bilirubin 
The total cholesterol content was 260 mg., and the esterified fraction, 55 mg., or 
20 per cent of the total—an indication of parenchymatous hepatic damage. The 
patient looked, in general, much worse. An attempt to combat anorexia and 
nausea with small injections of insulin met with success. Potassium iodide was 
given by mouth, and a suspension of bismuth subsalicylate in oil was administered 


intramuscularly. Improvement was gradual but satisfactory. In forty-three days 
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ie patient was discharged; the icterus index was then 21. When examined in 
e follow-up clinic several months later, the patient was well except for signs of 
iild dementia paralytica. 


One may here remark on the long history of intolerance to arsphena- 
mine, the disappearance of anorexia and nausea following insulin 
therapy and the suspicion that a specific antisyphilitic effect of the bis- 
muth may have been responsible for the improvement. However, in 
regard to the latter, it must not be forgotten that this patient had 


ascites and that bismuth is a diuretic. 


Case 3.—C. C., a Puerto Rican woman aged 35, ten years previously had an 
attack of painless jaundice following intravenous antisyphilitic treatment and 
recovered. Some time after this attack additional treatment was given without 
complication. During a recent pregnancy she received injections of arsphenamine 
until delivery; after this she complained of fatigue and frequently of nausea and 
vomiting. Four months post partum she noted that she was jaundiced, and four 
months later she was admitted to the hospital, distinctly undernourished, toxic 
and deeply icteric. The chest was normal. The liver was enlarged, firm and 
grossly irregular with a large lappet extending downward almost into the right 
iliac fossa. The spleen was large and firm. The Wassermann reaction was 3 plus; 
the Kahn reaction was 3 plus; the hemoglobin content was 35 per cent, and the 
white blood cell count was 3,000 per cubic millimeter, with polymorphonuclear 
leukocytes 64 per cent, lymphocytes 33 per cent and eosinophils 3 per cent. The 
stool was light brown; both the stool and the urine were deeply colored with bile. 
The icterus index was 135; the van den Bergh reaction in the direct phase was 
prompt and positive and in the indirect phase showed a proportion of 1 to 40,000, 
or 2.5 mg. of bilirubin. The cholesterol content was 135 mg. per hundred cubic 
centimeters, and the esterified fraction was 25 mg., or 19 per cent of the total. 
The sugar and urea content of the blood were normal. Because of the long con- 
tinued jaundice and the irregular function of the liver the diagnosis was coarse 
nodular cirrhosis caused by delayed arsphenamine poisoning and favored by the 
puerperium, anemia and malnutrition. Impending cholemia was feared. Because 
of vomiting it was impossible to establish the usual regimen. An intravenous drip 
of a 10 per cent solution of dextrose in distilled water, with sufficient insulin to 
prevent glycosuria, was therefore begun. Though this patient appeared to be 
sicker than the one in case 2, bismuth was withheld for reasons of control. Improve- 
ment was slow and gradual. The intravenous injection of dextrose was discon- 
tinued as soon as peroral feeding could be tolerated. The patient eventually left 
the hospital free from symptoms, although the liver was still nodular. 


This case suggests that the salutary effect, if any, of bismuth in 
case 2 was mediated not by its specific antisyphilitic power but by its 
effect on the disordered water metabolism. The suspicion that the strain 


of pregnancy, anemia and malnutrition were contributory etiologic fac- 


tors abetting the arsphenamine is very strong. 


Case 4.—R. A., a man aged 30, was a painter. Following a dietary indiscretion 
abdominal pain developed, and the patient vomited frequently. He had high fever 
and became jaundiced the day before he was admitted to the hospital. He appeared 
to be severely toxic, dehydrated and worn. The liver was small on percussion and 
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could not be palpated. The icterus index and the values for the van den Berg 
reaction were elevated, and the urea content of the blood rose as high as 120 mg 
per hundred cubic centimeters. The concentration of urine was high. With genera 
treatment and forcing of fluids, the jaundice disappeared rapidly; the azotemia 
disppeared a little less quickly. The blood pressure was not elevated; there was 
no evidence of lead poisoning. 

The patient stated that he had had a chancre eleven years previously, whic! 
had been adequately treated. The Wassermann test had become negative, and 
continued to be so. 


This was the only case observed in which by any stretch of imagin 


ation the condition might be suspected of being tertiary syphilis and 


jaundice without recent treatment with arsphenamine. However, since 
the syphilis had been adequately treated years before, the patient could 
not be regarded as having active syphilis. The case is rather obviously 
one of intoxication—gastro-intestinal, hepatic and renal—not related to 
syphilis. Examination for Spirochaeta icterohaemorrhagiae was not 
performed. 
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INFANTILISM AND DIABETES MELLITUS 


REPORT 


OF 


A EIGHT CASES 


B. GIBSON, Pu.D. 
AND 
W. M. FOWLER, M.D. 


IOWA CITY 


A group of young patients with the manifestations of diabetes 
mellitus, sexual infantilism and varying degrees of dwarfism has 
heen observed. These patients not only present a definite syn- 
drome but are of interest in view of the recent advances which have 
been made in the knowledge of the anterior lobe of the pituitary gland. 
They demonstrate the occurrence of diabetes mellitus in association 
with hypofunction of the anterior lobe of the hypophysis in spite of 
the improbability of such a combination as indicated by experimentation 
with animals. As the result of pituitary dysfunction, as evidenced by 
dwarfism or at least by delayed adolescence, diabetic symptoms if 
present should be mild. In all eight cases the condition has been 
severe. 

The functions of the anterior lobe of the pituitary gland have 
heen summarized by Evans,’ who ascribed to it growth, gonadotropic, 
lactogenic, thyrotropic and adrenotropic hormones; in addition to a 
factor regulating fat metabolism and a diabetogenic hormone control- 
ling carbohydrate metabolism. The relationship between carbohydrate 
metabolism and the anterior lobe of the pituitary gland has been fre- 
quently emphasized. Acromegaly, especially in the early or active 
stage, is associated with glycosuria and hyperglycemia in from 10 to 
40 per cent of the cases.2. On the other hand, cases of hypophyseal 
dwarfism have been reported in which there were lowered dextrose 
tolerance and an increased sensitivity to insulin.’ The experimental 
evidence in regard to this relationship was summarized and augmented 


From the Pathological Chemistry Laboratory and the Department of Internal 
Medicine, University Hospitals, the State University of Iowa. 

1. Evans, H. M.: Present Position of Our Knowledge of Anterior Pituitary 
Function, J. A. M. A. 101:425 (Aug. 5) 1933. Collip, J. B.: Diabetogenic, 
Thyrotropic, Adrenotropic and Parathyrotropic Factors of Pituitary, ibid. 104:827 
(March 9) 1935; 916 (March 16) 1935. 


2. John, H. J.: The Possible Relationship Between Acromegaly and Dia- 
betes, Arch. Int. Med. 87:489 (April) 1926. 
3. Lucke, H.: Der Kohlehydratstoffwechsel bei Erkrankungen des Hypo- 


physenvorderlappens, Ztschr. f. klin. Med. 122:23, 1932. 
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by Barnes and Regan,‘ who showed that hypophysectomy in dog 
produces an increased sensitivity to insulin and leads to convulsion 
due to hypoglycemia during a period of fasting. In dogs in whic 
hypophysectomy and pancreatectomy have been performed the blood 
sugar level remains approximately normal, and diabetes does no 
develop as it does in dogs subjected to removal of the pancreas alone 
The dextrose tolerance in these animals is somewhat reduced, althoug| 
large amounts of dextrose can be given by mouth without the appear 
ance of glycosuria. Glycosuria can be produced at will in these dogs, 
however, by the administration of an extract of the anterior lobe of 
the pituitary gland, and in five of six normal dogs glycosuria and a 
decreased sugar tolerance were produced by the same means. 

It is well recognized that certain diseases, infections and metabolic 
disturbances in childhood may prevent normal growth and development 
and that these conditions must be excluded before a diagnosis of hypo 
physeal infantilism is made. In the group of cases reported here the 
diabetes mellitus had either not appeared or was adequately controlled 
at the age of puberty, and it seems doubtful whether this was the cause 
of the maldevelopment. Infantilism was manifested in the girls by 


amenorrhea and complete or partial failure of development of the 
secondary sex characteristics. The breasts were small and undevel 
oped; the external genitalia and the uterus were infantile in type, and 
there was an absence or a very sparse growth of pubic and axillary 
hair. In the boys the same absence or sparse growth of hair was 
noted, as well as the infantile type of genitalia. certain degree of 
dwarfism was present in all. The physical characteristics consisted of 
a small but well proportioned skeletal and muscular system, and an 
absence of or a very slight tendency to obesity, in addition to the 
sexual infantilism. The mentality was normal; manifestations described 
are those commonly interpreted as being due to a deficiency of the 
gonadotropic and growth hormones of the anterior lobe of the pituitary 
gland. They correspond to the infantile proportionate type of dwart 


ism" in which there is no family history of a similar condition and in 
which none of the more common etiologic factors of dwarfism, such as 
achondroplasia, rickets or cretinism, is present. There was no evidence 
of malnutrition, and in all but two patients the diabetes had been fairl) 
well controlled by an adequate diet for some years; in the two patients 


4. Barnes, B. O., and Regan, J. F.: The Relation of the Anterior Pituitary 
to Carbohydrate Metabolism, Endocrinology 17:522 (Sept.-Oct.) 1932. 

5. Shelton, E. K.; Cavanaugh, L. A., and Evans, H. M.: Hypophyseal 
Infantilism: Treatment with Anterior Hypophyseal Extract, Am. J. Dis. Child. 
47:719 (April) 1934. 

6. Barker, L. F.: A Case of Hypophyseal Dwarfism, Endocrinology 17:647 
(Nov.-Dec.) 1933. 
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entioned the diabetes had developed only recently. A somewhat sim- 
ar case was reported by Joslin.* John * reported cases of hypopitui- 
arism in five patients; one of these had diabetes; one had a mild case 
i diabetes, and three had prediabetic symptoms, but all were obese, 
nd the cases were not comparable to those reported here. Steel ° 


reported a case of diabetes mellitus in association with dystrophia 


\iposa genitalis and diabetes insipidus. Cases similar to those observed 
by us were reported by Apert '® and by Gardiner-Hill,"! both of whom 
expressed the belief that the infantilism was secondary to the diabetes 
and reported improvement in growth and sexual development follow- 
ing management of diabetes. Fliederbaum '* also reported two cases 
and expressed the belief that they were of insulogenic origin. He 
further stated that insulin is indicated in the treatment of certain cases 


of infantilism without diabetes. 


REPORT OF CASES 


Case 1—D. M., a white girl aged 17 years, was admitted to the University 
Hospitals on Aug. 1, 1933, for management of diahetes. There was a rather 
indefinite history of polyphagia and polydipsia dating back to 1929. In 1931 the 
patient began to feel weak and tired, and in March 1932 she consulted a physician, 
who advised a high caloric diet, on which she gained & pounds (3.6 Kg.). There 
was no glycosuria at that time. Early in the spring of 1933 the patient again 
hegan to feel weak and tired and to lose weight. At that time sugar was found 
in the urine by her physician, and she was placed on a regimen of diet and insulin. 
There was no family history of diabetes, and all the other members of her family 
had developed normally. 

The patient was well proportioned but poorly nourished and appeared to be 
about 12 years of age. She was 5 feet, 1 inch (about 154.5 cm.) tall and weighed 
80 pounds (about 36.4 Kg.). She had never menstruated. The axillary hair was 
normal, but the pubic hair was sparse. The breasts and nipples were undeveloped 
and were of infantile type, and the external genitalia were small and infantile. 
Otherwise physical examination gave negative results, except that congenital bilat- 
eral cataracts were noted. 

The Wassermann reaction was negative. The hemoglobin content of the blood 
was 95 per cent of normal, and the erythrocyte count was 5,110,000. The urine 
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1933. 


698 ARCHIVES OF INTERNAL MEDICINE 


was normal except for the presence of sugar. The basal metabolic rate was plus 
19 per cent. Roentgenograms showed the sella turcica to be.small, measurine 
9 by 4 mm. 

The blood sugar content on admission was 266 mg. per hundred cubic centi 
meters. The patient was given a diet of 70 Gm. of protein, 70 Gm. of carbohy 
drate and 175 Gm. of fat, with insulin in doses of 22 and 15 units (before 
breakfast and before supper). The blood sugar content at 9 a.m. had dropped t: 
124 mg. She was discharged on Aug. 9, 1933, at which time she was receiving 
insulin in doses of 25 and 15 units (before breakfast and before supper), but some 
glycosuria persisted. She did not do well at home and was again admitted to the 
hospital on October 19. Her weight had fallen to 724% pounds (about 33 Kg.) 
An injection of insulin was given at noon, as the blood sugar values in the aiter- 
noon were high, and her condition was controlled fairly well by insulin in doses 
of 18, 7 and 12 units each day. Injections of the anterior pituitary-like gonado 
tropic hormone from the urine of pregnant women decreased her carbohydrate 
tolerance slightly but had no other effect. She was discharged on November 24; 
the urine was free from sugar, and the last determination of the blood sugar 
content made before discharge showed 140 mg. 

The management of the diabetes in the home was unsatisfactory, and she was 
admitted to the hospital again on Sept. 7, 1934. There were no further develop- 
ment of sex characteristics and no increase in stature. Control of the diabetes 
was difficult but was attained by insulin in doses of 3 units at 3 a. m., 7 units at 
6:30 a. m., 4 units at noon and 12 units before supper. The urine was then free 
from sugar; no hypoglycemic reactions occurred and the blood sugar content two 
hours after meals was about 170 mg. She weighed 40 Kg. when she was dis- 
charged on October 22. 

Case 2.—E. E., a white girl aged 20 years, came to the University Hospitals 
for the management of diabetes on June 1, 1933. She had suffered from boils 
and localized infections for three years but had noted polyuria and polydipsia for 
only the past year. Two weeks prior to admission diabetic acidosis and coma had 
developed, following which she took 30 units of insulin three times a day. There 
were no history of any serious illness and no family history of diabetes. 

The patient began menstruating at the age of 16 years, but the cycles had been 
very irregular, with periods of amenorrhea lasting several months. The breasts 
were small and undeveloped. The uterus was infantile in type and congenitally 
retroverted. The cervix was small. The axillary and inguinal hair was of normal 
distribution. She was well proportioned but slender. Her height was 5 feet, 3 
inches (160 cm.), and she weighed 93% pounds (42.5 Kg.). 

The Wassermann reaction was negative. The results of blood counts and 
determinations of the hemoglobin content were normal. The basal metabolic rate 
was plus 10 per cent. A roentgenogram of the sella turcica showed its size to be 
at the upper limit of normal, measuring 12 by 7 mm. 

When she was admitted to the hospital the blood sugar content was 337 mg. 
per hundred cubic centimeters (at 2 p. m.), and there was glycosuria. The patient 
was given a diet of 60 Gm. of protein, 60 Gm. of carbohydrate and 150 Gm. of fat. 
She was desugarized on June 3 (the blood sugar content was 165 mg.) ; 17 units 
of insulin were given before breakfast and 10 units before supper. The blood 
sugar content was 142 mg. on June 6 but was increased with therapy with the 
anterior pituitary-like gonadotropic hormone from the urine of pregnant women 
to 167 mg. on June 9 and increased to 208 mg. on June 13. She was discharged 
on June 14. She was seen subsequently for the purpose of checking the diabetic 
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ndition; her diet was increased, and the dosage of insulin readjusted. When 
ie was examined on Jan. 4, 1934, her weight had increased to 121 pounds (about 
5 Kg.), and she had been menstruating more frequently, although the flow was 
till scanty. On Jan. 7, 1935, the blood sugar content was 159 mg., but she had 
‘tt menstruated for a year. 

Case 3.—E. W., a white girl aged 16 years, was admitted to the University 
Hospitals for management of diabetes on May 6, 1933. Symptoms of diabetes had 
appeared three years before, and she had been given a diet and, later, insulin. She 
managed the diabetes for two years, then discontinued the insulin for financial 
reasons and after six months more ceased to follow the diet. There had been no 
previous illness of any consequence. One aunt and a cousin on the maternal side 
of the family had diabetes. 

Although the axillary and pubic hair had appeared at the age of 14 years, the 
patient had never menstruated, and the secondary sex characteristics were poorly 
developed. The breasts were small and infantile in type; the pubic hair was 
scanty; the external genitalia were small, and on rectal examination the uterus 
was found to be small and anteverted, with the cervix conical in shape. The body 
was fairly well proportioned, although the hips were straight, the chest short and 
the abdomen rather long and somewhat obese. The patient was just under 5 feet 
(about 141 cm.) tall and weighed 105 pounds (about 47.7 Kg.). Her appearance 
was that of a girl from 12 to 14 years of age. The physical examination revealed 
that she was otherwise normal, and her mentality was above average. 

The Wassermann reaction was negative. The percentage of hemoglobin and 
the blood counts were normal. The urine contained sugar on admission. The 
basal metabolic rate was plus 15 per cent. A roentgenogram of the skull showed 
a sella turcica of normal size, measuring 10 by 7 mm. 

The blood sugar content was 362 mg. per hundred cubic centimeters on admis- 
sion. The patient was given a diet of 70 Gm. of protein, 70 Gm. of carbohydrate 
and 175 Gm. of fat. Thirty units of insulin before breakfast and 20 units before 
supper failed to control the glycosuria, and the patient was given insulin in divided 
doses (beginning May 10) and was desugarized with 10 units of insulin every 
three hours except at midnight. These doses were reduced progressively to 
5 units, given every three hours except at midnight, and on June 27 (after seven 
weeks) the patient was again given two injections of insulin a day, 30 and 20 units. 
She was discharged on August 1, with no further improvement in dextrose toler- 
ance; the urine was free from sugar and the last value for the blood sugar deter- 
mined after a meal was 150 mg. Treatment with estrogenic substances (amniotin 
and theelin) had failed to induce menstruation. The patient weighed 111 pounds 
(about 50 Kg.) when she was discharged, having gained 6 pounds (2.8 Kg.). 

Case 4.—E. B., a white girl aged 17 years, was admitted to the University 
Hospitals on March 9, 1933, because of diabetes mellitus and underdevelopment. 
Symptoms of diabetes had appeared when she was 8 years old, and she was placed 
on a diabetic diet at that time. After six months she was taken to a clinic, where 
insulin was prescribed in addition to the diet. She continued this regimen with 
no recurrence of the diabetic symptoms except occasional glycosuria, and her 
management in the home seems to have been excellent. The patient had been 
born at full term, weighing 6% pounds (about 3,000 Gm.), and she had no serious 
illness in childhood. The members of her family were of normal size and none 
had diabetes. 

The patient had developed normally until the age of 10 years, when she seem- 
ingly stopped growing. On admission she had the appearance of a child of 
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10 years except for a more mature facial expression. She was intelligent and 
was attending high school. The mammary glands and nipples were infantile, an 
the external genitalia were characteristic of prepubescence. There were 1 
axillary or pubic hairs except a few on the labia majora. The labia minora wer 
small, and the uterus was of the infantile type, with an elongated cervix. Thi 
patient had never menstruated. She was 4 feet, 8% inches (143.5 cm.) tall and 
weighed 8314 pounds (about 38 Kg.). Physical examination showed that she was 
otherwise normal. She was normally proportioned. 


Fig. 1—E. B., aged 17 years. The height was 143.5 cm.; the weight, 38 Kg. 
The patient had been diabetic for nine years. 


The Wassermann reaction was negative. The hemoglobin content of the blood 
was 92 per cent of normal, and there were 4,200,000 erythrocytes. The urine was 


normal except for sugar. Roentgenograms showed a normal sella turcica. There 


was no evidence of ossification of the epiphyses in the distal ends of the radii and 
ulnas and the pisiform bones were absent. The visual fields and fundi were nor- 
mal. The basal metabolic rate was plus 6 per cent. 

The blood sugar content was 425 mg. per hundred cubic centimeters on the 
afternoon of March 9, and the urine gave a 4 plus reaction for sugar. The patient 
was given a diet of 70 Gm. of protein, 70 Gm. of carbohydrate and 175 Gm. of 
fat, with 30 units of insulin before supper and before breakfast, and the blood sugar 
value at 9 o’clock the next morning was 316 mg. As the condition proved difficult 
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{, manage, she was given 8 units of insulin every three hours. These doses were 
reduced to 6 units every three hours, and later the injection at midnight was 
omitted. The diabetes was controlled by these divided doses. When the patient 
vas again given two injections of insulin daily (40 and 30 units), the blood sugar 
values were high (253 mg. at 9 a. m. and 131 mg. at 2 p. m. on April 17), and 
the morning specimens of urine contained a little sugar. She was discharged on 
\pril 18, having gained 4 pounds (1.8 Kg.). The anterior pituitary-like gonado- 
tropic hormone from the urine of pregnant women, followed by this hormone plus 
theelin, was given daily during hospitalization, without effect either in establishing 
the menstrual cycle or on the diabetes. 

The patient was recalled to the hospital on July 11, 1934. She had increased 
in stature and weight (her height was 145 cm. and her weight 45.5 Kg.), and her 
breasts were larger and had a consistency which was more suggestive of glandular 
tissue. There were a few axillary hairs, and a moderate growth of pubic hair 
had appeared. She had not menstruated. Her general appearance was now that 
of a 12 to 13 year old girl. The diabetes had been fairly well managed, but she 
continued to show sugar in the specimens of urine taken after breakfast, and her 
condition still could not be controlled by two injections of insulin a day. With 
four injections—5 units at 3 a. m., 15 at 6 a. m., 17 at noon and 20 before supper 
the blood sugar content two hours after breakfast was 147 mg. The urine was 
free from sugar, and there were no hypoglycemic reactions following the injection 
of insulin. 

Case 5.—L. T., a white boy aged 17 years, was admitted to the University 
Hospitals on April 13, 1931, because of diabetes which had developed in 1922, when 
he was 8 years old. He had been given a diabetic diet and insulin (fortunately 
this was available for clinical use at the time) and had continued on this regimen, 
although sugar sometimes appeared in the urine. He had developed normally until 
the age of 10 years, but did not think that he had grown any since. Although he 
was never able to do hard work, he had had no serious illness. There was no 
family history of diahetes, and all the members of his family were normally 
developed. 

The patient was underdeveloped and appeared to be about 10 years of age. He 
was 4 feet, 5 inches (134.6 cm.) tall and weighed 56 pounds (25.4 Kg.). There 
was no disproportion in relation to the trunk and extremities, and the skull 
and chest were of normal contour. The external genital organs were infantile, 
and there was complete absence of pubic hair. The physical examination revealed 
that he was otherwise normal except for several carious teeth and a_ slightly 
enlarged thyroid gland. 

The Wassermann reaction was negative. Blood counts and determinations of 
the hemoglobin content were normal. Roentgenograms of the skull showed the 
sella turcica to be of normal size. The basal metabolic rate was minus 11 per cent. 

Within the last few weeks before admission to the hospital the patient had 
become weaker, and the diabetes had become more severe. The sugar content of 
the blood on admission was 510 mg. per hundred cubic centimeters, and the urine 
gave a 4 plus reaction for sugar. With a diet of 70 Gm. of protein, 70 Gm. of 
carbohydrate and 175 Gm. of fat, with insulin in doses of 15 and 7 units (before 
breakfast and before supper), the blood sugar content was 155 mg. at 9 a. m., but 
the glycosuria persisted, even when the doses of insulin were increased to 20 and 
10 units. When insulin and breakfast were omitted for determination of the basal 
metabolic rate on April 18, the patient promptly had a severe attack of acidosis, 
from which he as promptly recovered when he was given 20 units of insulin with 
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30 Gm. of dextrose intravenously. The doses of insulin were increased to 25 4 
12 units, with a resultant blood sugar content in the morning of 122 me., but ¢ 
glycosuria persisted. Early in the morning of April 22, acidosis again develope: 
the blood sugar content was 447 mg., and the carbon dioxide-combining pows 
was 10 cc. per hundred cubic centimeters of blood. The patient was given hj 
regular dose of 25 units of insulin and later was given 30 units intravenously wit 
dextrose and sodium bicarbonate. He again recovered promptly and was ab! 
to eat his regular meal at noon. Better control of the diabetes was attained |) 


giving insulin in divided doses, 5 units being given every three hours. A. satis 


Fig. 2—W. R., aged 19 years. The height was 155.5 cm.; the weight, 
36.4 Kg. The patient had been diabetic for seven years. 


factory distribution of the doses of insulin was finally achieved, and he was dis 


charged on May 22. At this time he was receiving 5 units of insulin at 3 a. m., 


7 units at 6:30 a. m., 5 units at 11:30 a. m. and 17 units before supper. The 
determinations of the blood sugar content on May 21 were 78 mg. at 2 p. m. and 
90 mg. at 7 p. m., and on May 22 the blood sugar content was 90 mg. at 9 a. m. 

Case 6—W. R., a white boy aged 19 years, was admitted to the Univers'ty 
Hospitals on Feb. 21, 1934. Diabetes had developed in his twelfth year. He was 
placed on a diet and given insulin at the time and had been receiving the same dose 
of insulin for six years. The urine usually showed some sugar during that time. 
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complained of a recurrence of diabetic symptoms recently and had chronic 

rhea for two months preceding his admission. He had been healthy until the 
e of 12 years, and since then he had had no serious illness except the diabetes, 
it he had not grown as rapidly or been as strong as other boys. Other members 
his family are of normal size, and there is no family history of diabetes. 
The patient was undersized, weighing 80 pounds (about 36.4 Kg.), and appeared 
to be about 12 years of age. He was mentally alert, and the proportions of the body 
were normal. The genitalia were infantile, and there was an absence of pubic 
hair. The physical examination showed that the patient was otherwise normal 
except for punctate hemorrhages and exudates in both fundi. The visual fields 
were normal. 

The Wassermann reaction was negative. Blood counts and the percentage of 
hemoglobin were normal. The protein of the blood plasma content was normal, 
and determinations of the cholesterol content showed 167 mg. per hundred cubic 
centimeters. Renal function and the urea, the uric acid and the creatinine con- 
tent of the blood were normal. Urinalysis revealed glycosuria. A biopsy of 
material from skin and muscle revealed some arteriosclerosis. The basal metabolic 
rate was plus 10 per cent. Roentgenograms of the sella turcica showed it to be 
rather small, measuring 9 by 5 mm. 

The blood sugar content on admission was 306 mg. per hundred cubic centi- 
meters. The patient was given a diet of 70 Gm. of protein, 70 Gm. of carbohy- 
drate and 175 Gm. of fat, and the blood sugar content the next morning (at 
9 a.m.) was 473 mg. — Injections of insulin in doses of 60, 30 and 50 units each 
day failed to control the glycosuria, and the blood sugar content on March 2 (at 
9 a.m.) was 455 mg. Ten units of insulin given every two hours except at mid- 
night reduced the blood sugar content to 39 mg. As the dextrose tolerance 
improved, the dose of insulin was rapidly reduced to 3 units, given every two 
hours, the two injections at 8 and 10 p. m. being omitted. The dose was then 
increased to 4 units in place of 3, and with this regimen the urine was free from 
sugar; the blood sugar content was 112 mg. at 9 a. m. and 105 mg. at 11 p. m. 
(March 18). Insulin was then again given in three injections daily, in doses of 
32, 3 and 20 units, and although the blood sugar values were high in the morning, 
they were reasonable the rest of the day. The patient was discharged on April 7, 
having gained & pounds (3.6 Kg.). 


Case 7.—P. W., a white boy aged 18 years, was admitted to the University 


Hospitals on May 15, 1934, because of diabetes mellitus and a burning sensation 


of the feet and legs. Diabetes had been recognized in February 1934, with symp- 
toms dating back to the summer of 1933. The patient was given a weighed diet 
and insulin by his family physician, and he gained in weight and strength for two 
months. The burning sensation had developed a month prior to his admission, 
following a cold in the head and intensification of the diabetes. For a short time 
the burning had involved the thighs and trunk in addition to the feet and legs. 
Herpes zoster had appeared on the right side of the chest but had disappeared. 
There were no residual symptoms, although small scars remained. 

The patient was 5 feet, 34 inches (about 154 cm.) tall and weighed 9334 pounds 
(42.5 Kg.). His voice was high-pitched, and he appeared much younger than 
18 years. The pubic hair was sparse, and the genitalia, especially the testicles, 
were small for his age. Erection of the penis was possible, but he had no 
desire for companionship of the opposite sex. The remainder of the physical 
examination revealed that he was essentially normal otherwise. No objective 
signs of peripheral neuritis could be found. 
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The Wassermann reaction was negative. The erythrocyte and leukocyte coun} 
and the percentage of hemoglobin were normal. The results of urinalysis we: 
negative except for sugar. The basal metabolic rate was plus 1 per cent. Roe1 
genograms of the skull outlined a normal sella turcica. 

The patient had been taking from 90 to 115 units of insulin a day at home, ani 
on admission to the hospital the blood sugar content was 90 mg. per hundred 
cubic centimeters. Without insulin and on a diet of 70 Gm. of protein, 70 Gn 
of carbohydrate and 175 Gm. of fat, the blood sugar content at 9 a. m. was 
349 mg. With insulin in doses of 27, 5 and 15 units daily, the blood sugar values 
two hours after meals were satisfactory (173, 107 and 129 mg. on May 19), but 
the twenty-four hour specimen of urine gave a 4+ reaction for sugar, and the 
patient’s weight decreased to 89 pounds (40.4 Kg.). On May 26, 30 Gm. of bread 
was added to each meal, and on June 2 the patient was given insulin in divided 
doses, 8 units and, later, 10 units being given every three hours except at mid 
night. A definite improvement in the diabetic condition resulted; the burning 
sensation in the feet disappeared, and the patient’s weight increased to 924% pounds 
(about 42 Kg.). He was discharged from the hospital on July 3. At this time 
he was receiving four injections of insulin daily, in doses of 12 units at 3 a. m., 
20 units at 6:30 a. m., 15 units at noon and 30 units at 5 p.m. The urine was 
free from sugar, and the blood sugar content two hours after breakfast. was 
90 mg. 

Case 8—D. H., a white boy aged 16 years, was admitted to the University 
Hospitals on Nov. 4, 1934. A diagnosis of diabetes mellitus had been made two 
and a half years previously, but he had noted polydipsia and polyuria for a few 
months before recognition of the disease. The diabetes had been managed by diet 
and insulin. At the time of admission he was suffering from a recent injury to 
the left knee. 

The boy was well nourished and well proportioned but of small stature. Hi 
was 5 feet, 1 inch (about 155 cm.) tall and weighed 96 pounds (about 43.6 Kg.) 
The genitalia were small and infantile in type; the pubic hair was scant, and ther 
was no axillary hair. The left knee was stiff and swollen and contained som 
fluid. The other results of physical examination were negative. 

The urine was normal except for the glycosuria; the Wassermann reaction was 
negative, and the percentage of hemoglobin and the blood counts were normal. 
The basal metabolic rate was plus 11 per cent. The sella turcica was small 
(10 by 8 mm.), and epiphyseal develpoment was delayed in both wrists. 

The blood sugar content was 289 mg. per hundred cubic centimeters on admis 
sion, and he was given a diet of 70 Gm. of protein, 70 Gm. of carbohydrate and 
175 Gm. of fat. Insulin in doses of 30 and 17 units (before breakfast and before 
supper) failed to desugarize the patient, but doses of 40 and 17 units induced a 
forenoon hypoglycemic reaction after a blood sugar value of 259 mg. had been 
noted at 9 a. m. The blood sugar content at 2 p. m. was 105 mg. The patient 
responded satisfactorily to treatment with four injections of insulin daily, in doses 
of 6 units at 3 a. m., 13 units at 6 a. m., 5 units at noon and 14 units at supper. 
The twenty-four hour specimen of urine was free from sugar; the blood sugar 
content at 9 a. m. was 152 mg., and there were no symptoms of hypoglycemic 
shock with this regimen. The condition of the knee cleared up after fluid had 
been withdrawn on two occasions. The patient was discharged on November 24. 

Case 9.—E. B., a white man aged 74 years, was transferred from the surgical 
to the medical service on June 8, 1934, because of circulatory failure and shock 
following the induction of anesthesia the previous day for herniorrhaphy. There 
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re temporary anuria, hyperglycemia (247 mg. of sugar per hundred cubic centi 
eters) and glycosuria. No symptoms of diabetes had been noted previously. 

The patient was 4 feet, 10 inches (147.3 cm.) tall and weighed 85 pounds 
(38.6 Kg.). He was well proportioned and well developed but was small in all 
respects. He had weighed 3 pounds (1,306.7 Gm.) at birth. All the other mem- 
ers of his family were of normal stature. The axillary and pubic hair was 
parse, and the hair on the arms and body was less than normal. There was 
marked aplasia of the penis and testicles. He had never married. He had had no 
serious illness. 


Fig. 3.—D. H., aged 16 years. The height was 155 cm.; the weight, 43.0 Kg. 
The patient had been diabetic for four years. 


The basal metabolic rate was minus 4 per cent. Roentgenograms of the skull 


showed a small sella turcica. Other physical and laboratory findings were unim 
portant. 


The patient was given 5 units of insulin every four hours and dextrose solution 
and saline solution intravenously until he was able to take a diabetic diet on the 
fourth day, when the doses of insulin were changed to 10 units before breakfast 
and 7 units before supper. The blood sugar content dropped to 114 mg. The 
patient refused to have an operation for his hernia and was discharged on a 
regimen of insulin, which was taken twice daily in doses of 7 and 5 units, with a 
restricted carbohydrate diet. 
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COMMENT 

Of the eight young patients with infantilism who were studied, 
four were boys and four were girls. The ages ranged from 16 to 20 
years. Diabetes developed in one boy and one girl at 8 years, in two 
boys and one girl at from 12 to 13 years and in one boy and two girls 
after the age of puberty. All had some degree of proportionate dwar} 
ism. In two patients (girls) the infantilism was partial. All eight 
had severe diabetes. The two patients with partial infantilism responded 
to insulin and dietary control as do ordinary adults with diabetes; jt 
was difficult to adjust the distribution of the dose of insulin for the 
other patients, but five of these were finally given four injections of 
insulin daily (beginning at 3 a. m.), and satisfactory values for th: 
blood sugar content resulted. Six of the eight patients had received 
fairly efficient management in the home since the diabetic condition 


Summary of Cases 


Basal Onset Length Final 
Metabolic Sella of Dia- of Doses of 
Rate, Turcica, betes, Previous Insulin 
Age, Height, Weight,  Per- Sizein Age in Manage- per Day 
Patient Sex Years Infantilism Cm, Kg. centage Mm. Years ment in Units 
D. M. F 17 Complete 14.5 86.4 +19 9x4 15 2 yr. 3-7-4-12 
E. E. 20 Partial 160.0 42.5, +10 12x7 20 2 wk 17-010 
E. W. F 16 Partial 141.0 47.7 +15 13 2 30-0-20 
E. B. F 17 Complete 143.5 8.0 + 9 yr 5-15-17-20 
M 17 Complete 1 25.6 1x7 7 
W.R. M 19 Complete 155.5 36.4 +10 9x5 12 7 yr. : 9 
M 18 Complete 154.0 42.5 | 9x7 17 2 mo, 12-20-15-3i 
D. H. M 16 Complete 155.0 43.6 +11 1 216 yr. 6-13-5-J4 
E. B. M 74 Complete 147.3 38.6 4 Small None 7-0-5 


* The blood sugar content at 9 a. m. was 258 mg., with glycosuria. 


had been recognized; in fact, two patients had received insulin at the 
time when it first became available for clinical use. Two were seen 
in this hospital shortly after the diabetes developed. All but one 
showed ketonuria when having glycosuria; one (FE. E.) had a history 
of recent diabetic coma and in patient L. T. acidosis quickly devel- 
oped if the morning injections of insulin were omitted and as rapidly 
disappeared when immediate treatment was given. Two of the four 
girls while under treatment with sex hormones showed some tempo- 
rary loss of carbohydrate tolerance. Six of the eight patients had 
basal metabolic rates of from plus 10 to plus 19 per cent. However, 
the calories per square meter of body surface per hour may represent 
the apparent or perhaps the physiologic age rather than the actual 
age in years. The case of a ninth patient, 74+ vears old, who had becon 
mildly diabetic, is also reported; there was no previous history of 
glycosuria. 

Roentgenograms either showed that the sella turcica was norma! 
(in four patients) or outlined a sella turcica which was smaller than 
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rmal (in five patients, including the older patient). The largest sella 
turcica (12 by 7 mm.) occurred in one of the patients (I. EE.) with 


partial infantilism; the next largest (11 by 7 mm.) was present in the 


illest patient (LL. T.). No deformities were shown. 

The data are interpreted as indicating that the dwarfism is not the 
csult of the diabetic condition. Fliederbaum’s ' idea of an “infan- 
tilismus insulogenes” with or without diabetes mellitus which responds 
to insulin therapy is not confirmed by the data for our patients, since 
six of eight patients have received insulin treatment for from two to 
nine years. One must bear in mind that the glandular insufficiency 
may be postponed or latent and that later adolescence is pos- 
sible. If one accepts the idea of a pancreatropie hormone produced 
hy the anterior lobe of the pituitary gland (.Anselmino Hoft- 
mann '*), a deficiency of this hormone, together with failure of pro- 
duction of the gonadotropic and growth hormones, is presented. The 
production of hormone-inhibiting substances (Bachman, Collip and 
Selye |!) may be a factor. 

Note.—Six of these patients were reexamined in the summer and fall of 1935. 
Four had shown definite sexual development and increase in stature. D. M. had 
not changed at all. E. E. had married, had been pregnant for three months m 
June 1935 and went to term unevenfully. E. B. gained 4.5 cm. in height; axillary 
and pubic hair were present though scant; she had menstruated once, and her 
breasts were developed slightly. W. R. showed little change. P. W. had some 
growth of pubic hair with female distribution. D. H. had darker pubic hair; the 
genitalia were larger, and his height had increased by 3 cm. 


SUMMARY 

The cases of eight patients, four boys and four girls, from 16 to 20 
vears of age, exhibiting a syndrome of infantilism ranging from the 
partial to the complete type, apparently due to hypofunction of the 
anterior lobe of the pituitary gland, with proportionate dwarfism and 
severe diabetes mellitus, are reported. The coexistence of pituitary 
insufficiency and diabetes mellitus in these patients is not in accord with 
the results of recent experimental work on the interrelationship of the 
hypophysis as a whole and the pancreatic islet cells. 

13. Anselmino, K. J., and Hoffmann, F.: Die pankreatrope Substanz aus dem 
Hypophysenvorderlappen; uber die Darstellung und die Eigenschatten der pan- 
kreatropen Substanz, Klin. Wehnschr. 12:1435 (Sept. 16) 1933. Hoffmann, F., 
and Anselmino, K. J.: Die pankreatrope Substanz aus dem Hypophysenvorder- 
lappen: uber die Stoffwechselwirkung der pankreatropen Substanz, ibid. 12:1435 
(Sept. 16) 1933. 

14. Bachman, C.: Collip, J. B., and Selye, H.: Anti-Gonadotropic Substances. 
Proc. Soc. Exper. Biol. & Med. 32:544 (Dec.) 1934. 


BENCE-JONES’ PROTEINURIA 


L. MEYLER, M.D. 


GRONINGEN, NETHERLANDS 


The excretion of Bence-Jones’ protein occupies a special position 
in the pathologic picture of the albuminurias. The Bence-Jones bod) 
is characterized by precipitation at a relatively low temperature (from 
40 to 50 C.), followed by clearing of the solution if the heating is 
continued to 100 C.; on cooling the protein appears again. 

$y far the great majority of cases of Bence-Jones’ proteinuria 
have been observed in association with multiple myeloma of the bone 
marrow. In a few instances the excretion of Bence-Jones’ protein 
has been noticed in cases of invasion of the bone marrow by some 
other tumor. 

The close association of this peculiar type of proteinuria with dis 
vase of the bone marrow gave rise to the question whether this body 
could be a product of the normal bone marrow. I therefore injected 
into rabbits an emulsion of cow’s marrow, from which the fat had been 
removed by extraction with ether. Intramuscular or intraperitoneal 
injection of this emulsion in rabbits was followed by the production of 
urine which contained a small amount of protein showing the behavior 
of Bence-Jones’ protein. 

In the course of further experiments we tried to detect Bence- 
Jones’ protein in the bone marrow itself. The marrow was extracted 
with ether by careful heating to remove fat. The remaining bone 
marrow cells were shaken with an equal volume of physiologic solution 
of sodium chloride and filtered. The clear filtrate showed a precipitate 
on heating to 60 C., which dissolved somewhat at 100 C. and reap- 
appeared on cooling. .Apparently, some of the Bence-Jones’ protein 
was contaminated with another protein. The latter substance did not 
redissolve at 100 C.; so the fluid did not become quite clear at this tem- 
perature. A further difficulty was encountered in the inconsistency of 
the results on repetition of the experiment. 

So far as I am aware, Fleischer,’ in 1880, was the first who tried 
to isolate Bence-Jones’ protein from the normal bone marrow. Rela 
tively little attention was paid to his communication. Magnus-Levy,’ 


1. Fleischer, R.: Virchows Arch. f. path. Anat. 80:482, 1880. 
2. Magnus-Levy, A.: Ztschr. f. klin. Med. 116:510, 1931; 119:307, 1932: 
120:313, 1932; 121:533, 1932. 
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who in 1932 gave an admirable survey of the literature on multiple 
myeloma and Bence-Jones’ protein, did not mention Fleischer’s paper. 
We have repeated his work but could not reproduce his results. This 
may well be due to small differences in technic, but for the present we 
cannot deny that Thannhauser may be right in doubting the value of 
Fleischer’s work. 

Ellinger * and Askanazy * have demonstrated Bence-Jones’ protein 
in the urine, blood and serous exudates in their cases of multiple 
myeloma. They also succeeded in isolating the protein from the tumors. 

Their method was as follows: Emulsions of myelomatous tissue 
were treated with alcohol; after standing, the precipitate was shaken 
with distilled water. In the clear filtrate Bence-Jones’ protein could 
be detected. 

We applied this method to normal bone marrow. To obtain enough 
material, we used the bones of young calves, which contained hardly 
any fat. The marrow was expressed in a press; the resulting marrow 
juice was treated with two volumes of absolute alcohol and was shaken 
and allowed to stand for twenty-four hours. The precipitate obtained 
after filtration or centrifugation was mixed with an equal volume of 
distilled water and again allowed to stand for twenty-four hours. The 
resulting filtrate was almost clear and showed only slight opalescence. 
After the addition of a solution of sodium chloride and acetic acid a 
precipitate could be obtained by heating the filtrate to a temperature 
of from 50 to 60 C. The precipitate redissolved almost completely on 
further heating to 100 C. and appeared again on cocling. The reaction 
was perfectly reversible and could be repeated at will, which furnished 
the definite proof of the presence of Bence-Jones’ protein in the normal 
bone marrow. 

Most of our experiments were carried out with calf’s marrow, but 
in a few cases we have been able to produce the same phenomenon 
with bone marrow obtained from man. In contrast to the results in 
our first experiments already described, the demonstration of Bence- 
Jones’ protein could be constantly repeated by following Ellinger’s 
method strictly. This author expressed the belief that after twenty- 
four hours all the proteins of the marrow are denatured except the 
Sence-Jones’ protein. If the alcohol is allowed to remain in contact 
with the marrow juice too long, the Bence-Jones’ protein is also 
denatured. This statement could be fully confirmed. After precipita- 
tion with alcohol the small amounts of salt present in the bone marrow 
itself are sufficient to dissolve the Bence-Jones’ protein in distilled 
water. 


3. Ellinger: Deutsches Arch. f. klin. Med. 62:255, 1899. 
4. Askanazy, M.: Verhandl. d. deutsch. Gesellsch. f. inn. Med. 7:32, 1904. 
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The extract of bone marrow obtained in this way gives the fol- 
lowing reactions: 

1. The clear filtrate begins to flocculate after the addition of salt 
and acid on heating to 40 C.; at 60 C. the amount of precipitate is 
maximal, and at 100 C. it redissolves completely. On cooling the 
precipitate reappears. The protein concentration of the extract is 
trom 3 to 4 per cent. 

2. On dialysis of the extract in a Schleicher sack, the protein 
remains in solution and does not pass through the membrane. 

3. The protein is precipitated by dilute nitric acid, sulfuric, hydro- 
chloric, acetic and sulfosalicylic acids and_ tri-nitrophenol. 

4. The addition of two volumes of a saturated solution of ammo- 
nium sulfate precipitates the protein completely. The same result 
occurs on adding an excess of a saturated solution of sodium chloride 
in an acid medium or on saturating the solution with magnesium sulfate. 

5. The biuret, Millon, lead sulfide and xanthoproteic reactions are 
positive. 

The peculiar behavior of Bence-Jones’ protein is influenced by 
variations in the concentration of electrolytes in its solution. This was 
brought out by the excellent researches of Hopkins and Savory ° and 
was confirmed in the Netherlands by Kooyman.® Proteins in solution 
show a positive electric charge on the acid side of the iso-electric point. 
Adsorbed positive ions increase and negative ions decrease the charge 
and thereby influence the stability of the protein in suspension. The 
valence of the ions is of great importance; generally speaking, in a 
slightly acid solution of Bence-Jones’ protein the stabilizing (or dis- 
solving) power of a given salt increases with the valence of its positive 
ion. Calcium has, therefore, a higher dissolving power for Bence- 
Jones’ protein than sodium. The results of experiments carried out 
with the extracts of normal bone marrow which we used showed per- 
fect agreement with those which Hopkins and Savory ® obtained with 
Bence-Jones’ protein in the urine. This may be demonstrated by the 
following experiment: 

The bone marrow extract, as it is obtained, is slightly alkaline and 
is not precipitated on heating; on addition of acetic acid a precipitate 
is formed in the cold solution that does not dissolve on heating. 

In the same way we found that sodium sulfate has a higher dis- 
persing power than sodium chloride, but less than calcium chloride. 
Sodium citrate is less active because the citrate ion has a triple valence. 


5. Hopkins, E. G., and Savory, H.: J. Physiol. 42:189, 1911. 
6. Kooyman, J.: Twee gevallen van Bence-Jones’sche albuminurie, Dissertation, 
Amsterdam, The Netherlands, 1918. 
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Urea has a marked promoting influence on the solubility of the protein, 


but not so strong an influence as that of the electrolytes. The simi- 


larity of these results and the facts known about Bence-Jones’ protein 
offer, in my opinion, another proof of the identity of the bone marrow 


extract and the Bence-Jones body. 


Thannhauser and Krauss‘ injected Bence-Jones’ protein into rab- 


hits, and the animals showed Bence-Jones’ proteinuria. The success 


It 


of these experiments is largely dependent on the quantity of protein 
injected, as a minimum of from about 200 to 300 mg. seems to be 
necessary. In a few cases these workers injected chloroform simul- 
taneously to increase the permeability of the kidney cells. 

We injected the filtrate of bone marrow into rabbits; this procedure 
A part of the protein in the urine showed 


was followed by albuminuria. 


Behavior of Extract of Bone Marrow in Acid Medium 


Extract 


of Bone 
Marrow, Water, Behavior Behavior Behavior 
Solvent Ce. Ce. at 60 C. at 100C, on Cooling 


Sodium Chloride, Ce. 


0.2 2.5 28 Coagulum Coagulum Coagulum 
0.5 2.5 2.0 Coagulum Clearer Coagulum 
1.0 2.5 1.5 Coagulum Clear Coagulum 


Chloride, Ce. 


0.025 2.5 2.475 Coagulum Coagulum Coagulum 
0.050 2.400 Coagulum Clearer Coagulum 
C.100 2.5 2.400 Coagulum Almost clear Coagulum 
0.200 25 2.300 Coagulum Clear Coagulum 
0.500 2.5 2.200 Coagulum Clear Coagulum 
0.500 25 2.000) Clear Clear Coagulum 


1.000 Clear Clear Clear 


the properties of the Bence-Jones body. In all cases another protein 


was also present, which made the observation difficult. The most satis- 


factory method proved to be the close observation of the behavior of 
the urine on cooling after it had been heated to 100 C. 


In addition to its presence in cases of multiple myeloma, Bence- 
Jones’ protein has been found in cases of lymphatic and myeloid leu- 
kemia and empyema and in one instance after severe fracture of the 


knee. In the last instance the phenomenon is easily understood. But 
why should it occur in empyema and leukemia ? 
The substrate common to these diseases and multiple myeloma and 


normal bone marrow is the white corpuscles. This prompted us to 
investigate these cells for the presence of Bence-Jones’ protein. We 
succeeded in detecting the substance in the pus of abscesses and empyema 


7. Thannhauser, S. J., and Krauss, E.: Deutsches Arch. f. klin. Med. 133: 
183 (Aug.) 1920; 137:257, 1921. 
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and also in the lymphocytes and other leukocytes in cases of leukemia 
The method used was the same as that for finding the protein in the 
bone marrow ; however, even better results were obtained after shaking 
the pus or the white cells with distilled water, without previous treat- 
ment with alcohol. Bence-Jones’ protein was also found in the urine 
of a rabbit that had received injections of an extract of lymphocytes 
from a patient with lymphatic leukemia. 

These experiments make clear why leukemia and the accumulation 
of pus in the body may give rise to Bence-Jones’ proteinuria. The 
rarity of its occurrence is probably due to a quantitative factor; when 
the protein is found in cases of leukemia its quantity is usually small 
The cause of the excretion of the protein in cases of myxedema remains 
obscure. 

We have examined various organs for the presence of Bence-Jones’ 
protein but could not detect it in the liver, blood plasma, thyroid, kidney 
and egg white or, strangely, in the spleen. Kooyman stated that he 
had found the substance in the liver and spleen, but his method is open 
to criticism. He treated the extract of these organs with a strong aci 
solution (30 per cent solution of acetic acid) for the detection of the 
protein body. In this way a precipitate was obtained that dissolved on 
boiling and reappeared on cooling. In the literature several communica- 
tions can be found in which sulfosalicylic acid is recommended for the 
detection of Bence-Jones’ protein. In accordance with these directions, 
we have also used sulfosalicylic and nitric acid; we seemed to obtain 
excellent results at first, until control experiments showed that in this 
way Bence-Jones’ protein could be detected in any animal protein. Ii 
one tests a dilution of urine containing albumin from a patient with 
nephritis, it is easily possible to duplicate the Bence-Jones reactions by 
boiling the urine with sulfosalicylic acid! In my opinion, Bence-Jones’ 
protein is not present in the organs as such, as Kooyman stated. Pre- 
sumably, albumoses are formed by the treatment of protein with strong 
acids. 

Many investigators have wondered at the sometimes enormous quan- 
tities of Bence-Jones’ protein that can be excreted. They have found it 
hard to assume that this could all be produced by the myeloma itselt 
They therefore assumed that the Bence-Jones’ protein was derived from 
the food. It has, however, been shown by Abderhalden and Rostoski * 
and in the Netherlands by Hijmans van den Bergh,°® with the aid of pre- 
cipitins, that Bence-Jones protein must be an endogenous product. 
which stands in a close relation to the serum proteins. According to 
the general opinion, Bence-Jones’ protein should be a product of the 


8. Abderhalden, E., and Rostoski, O.: Ztschr. f. physiol. Chem. 46:125, 1905 
9. Hijmans van den Bergh, A. A.: Ztschr. f. klin. Med. 119:357, 1932. 
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mvelomatous cells. 


The work already described demonstrates that this 
substance is regularly present in the normal bone marrow; it may even 
he concluded that the white cells play a special part in its production. 


SUMMARY 


The Bence-Jones’ protein is found in normal bone marrow, and it 
is probable that it is a part of the lymphocytes and other leukocytes. 
When bone marrow is broken off (in cases of tumor metastasis) or 
when the white cells are destroyed (in leukemia and empyema), Bence- 
Jones’ proteinuria does not appear, as a rule, since the quantity of 
Rence-Jones’ protein produced is too small and is, therefore, broken 
up in the body. In cases of multiple myeloma the white cells may have 
the power to produce a large quantity of Bence-Jones’ protein, so much 
that it cannot all be destroyed and is excreted by the kidneys. This 
is especially true in cases of renal insufficiency. 
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MODIFYING EFFECT OF VARIOUS INORGANIC 
SALTS ON THE DIURETIC ACTION OF 
SALYRGAN 


CLAYTON B. ETHRIDGE, M.D. 


DAN W. MYERS, 
AND 
N. “SULTON, 


BOSTON 


M.D. 


MARSHALL M.D. 


The use of an inorganic salt in conjunction with an organic mer 
curial diuretic for the purpose of augmenting diuresis was first reported 
by Keith, Barrier and Whelan? in 1925. These authors showed that « 
combination of ammonium chloride, administered by mouth, with injec- 
tions of merbaphen may be effective in causing diuresis in patients with 


chronic nephritis and edema, when either substance given singly is inet- 
fective. That ammonium chloride and certain other acid-producing 
salts have a diuretic action when given alone had been noted prior t 
that time.? In recent years the enhancing effect of such acid-producing 
salts on the diuretic response to mercurial compounds has been repeatedly 
confirmed. Explanations, however, of the mechanism by which these 
salts affect the diuretic action of mercury are still at variance. 

Keith and Whelan * discussed certain effects which are noted when 
ammonium chloride is administered in conjunction with merbaphen or 
salyrgan: They stated: “One must conclude that an abnormal acid 
reaction in the tissues need not per se cause diuresis, but since it 
occurs when the diuretic response is most regular and marked, it must 
be considered a possible factor in liberating water from the tissues.” 
Jacobs and Keith,* in a subsequent report, showed that ammonium 
nitrate is as effective as ammonium chloride with merbaphen or salyr- 


From the Medical Clinic, the Peter Bent Brigham Hospital, and the Labora- 
tory of the Department of Medicine, Harvard Medical School. 

1. Keith, N. M.; Barrier, C. W., and Whelan, M.: The Diuretic Action of 
Ammonium Chlorid and Novasurol in Cases of Nephritis with Edema, J. A. M. A 
85:799 (Sept. 12) 1925. 

2. (@) Haldane, J. B. S.: Experiments on the Regulation of the Blood’s 
Alkalinity. II, J. Physiol. 55:265 (Aug.) 1921. (hb) Gamble, J. L.; Blackfan, 
K. D., and Hamilton, B.: A Study of the Diuretic Action of Acid-Producing 
Salts, J. Clin. Investigation 1:359 (April) 1925. 

3. Keith, N. M., and Whelan, M.: A Study of the Action of Ammonium 
Chlorid and Organic Mercury Compounds, J. Clin. Investigation 3:149 (Oct.) 
1926. 

4. Jacobs, M. F., and Keith, N. M.: The Use of Diuretics in Cardiac Edema, 
M. Clin. North America 10:605 (Nov.) 1926. 
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ean, and the suggestion was made that the acid ions play the important 
role in furthering diuresis. In a recent summary dealing with the use 
of diuretics in various types of edema, Binger and Keith’ reported on 
the use of ammonium chloride, calcium chloride and ammonium nitrate 
with merbaphen or salyrgan. They found that the salts containing 
chloride produce a greater and more rapid shift in the acid-base equi- 
librium toward the acid side than do salts containing nitrate, and they 
vave as their opinion that part of the diuretic effect is probably due to 
the change in the acid-base equilibrium. Engel and Epstein ® studied 
the influence of various inorganic salts on diuresis after the adminis- 
tration of salyrgan. They stated that those substances which produce 
acidosis, as shown by a fall in the alkali reserve and a rise in the 
hydrogen ion concentration of the blood plasma, enhance the diuretic 
action of salyrgan. However, their results were not always consistent. 
For example, they found that calcium chloride failed to augment the 
diuresis from salyrgan; yet this salt has been shown by Gamble and 
his co-workers* and by others to produce acidosis. Fliederbaum and 
Krasucka * studied the response to various salts and merbaphen. They 
observed that the urinary output after the administration of merbaphen 
is augmented by the peroral administration of ammonium chloride, 
phosphate, nitrate and bromide, the best diuresis of all occurring with 
the bromide. Since these investigators found either an unchanged or 
a diminished response to the administration of merbaphen after the 
ingestion of urea, calcium chloride, hydrochloric acid, sodium bicar- 
bonate and magnesium oxide, they concluded that the action of the 
ammonium salts depends on a combination of the effects of the acid 
anion and the urea-producing ammonium cation. 


The administration of sodium chloride was reported by Goldring ? 
to increase the effectiveness of merbaphen as a diuretic in two edematous 
patients with cardiac disease. This he attributed to elevation of a pre- 
viously subnormal concentration of chlorides in the blood. Elsewhere 
diuresis occurring after the administration of mercury salts has been 
considered to be “intimately associated with the available sodium 


10 


5. Binger, M. W., and Keith, N. M.: The Effect of Diuretics in Different 
Types of Edema, J. A. M. A. 101:2009 (Dec. 23) 1933. 

6. Engel, K., and Epstein, T.: Die Quecksilberdiurese, Ergebn. d. inn. Med. 
u. Kinderh. 40:187, 1931. 

7. Gamble, J. L.; Ross, G. S., and Tisdall, F. F.: Studies of Tetany: I 
The Effect of Calcium Chlorid Ingestion on the Acid-Base Metabolism of Infants, 
Am. J. Dis. Child. 25:455 (June) 1923. 

8. Fliederbaum, J., and Krasucka, L.: Sur l’action diurétique synergétique 
des composés de mercure et d’ammonium, Presse méd. 40:854 (May 28) 1932. 

9. Goldring, W.: Edema in Congestive Heart Failure: Effectiveness of 
Diuretics as a Guide to Prognosis, Arch. Int. Med. 44:465 (Oct.) 1929. 

10. Treatment of Cardiac Decompensation, Queries and Minor Notes, J. A 
M. A. 103:858 (Sept. 15) 1934. 


e - 


716 


ARCHIVES OF INTERNAL MEDICINE 


chloride.” The ingestion of this salt was recommended in the event 
of a poor response to salyrgan, especially when there is a lowered con- 
centration of chlorides in the blood. The experimental work of Evans 
on dogs demonstrated a disappearance of the diuretic effects of salyrgan 
when the animals were rendered hypochloremic, with a reappearance of 
the response after the administration of sodium chloride. All of these 
observations pertained to patients or animals in a condition of hypo- 
chloremia. Evans’ dogs were also dehydrated because of the loss of 
fluid and salt incident to a biliary fistula or the vomiting of pylori: 
stenosis ; therefore, the initial failure of diuresis may be attributed as 
much to lack of available fluid for excretion as to a lack of available 
chlorides. 

In contrast to an enhanced diuretic effect, Fliederbaum and 
Krasucka * noted a decreased response to merbaphen after the inges- 
tion of sodium chloride. A definite inhibition of mercurial diuresis has 
been reported after the administration of sodium bicarbonate.1? Engel 
and Epstein explained this inhibition as due to the production of 
alkalosis. 

It is thus apparent that in the studies to which reference has been 
made there is no unanimity of opinion concerning the mechanism of 
the increase in mercurial diuresis produced by acidifying salts. There 
is also a paucity of information in the literature regarding the modifying 
effects of neutral and alkalinizing salts on the diuretic action of mercury. 
The present study was designed to contribute information on this sub- 
ject which might elucidate some of the points of disagreement. Herein 
are reported the results of a series of controlled experiments carried 
out at weekly intervals on normal dogs to determine the modifying 
effect of various acidifying, alkalinizing and neutral salts on the response 
to the commonly used diuretic salyrgan. 


PROCEDURE 


Five normal adult female dogs, weighing between 15 and 22 Kg. and in good 
health, were utilized as the subjects for this investigation. The animals were 
placed on a standard daily regimen as regards the intake of food, water and salt, 
and in addition they were allowed 30 cc. of cod liver oil once weekly. Each dog 
received 35 Gm. of boiled horse meat, 30 cc. of water and 0.05 Gm. of sodium 
chloride per kilogram of body weight each day. The sodium chloride was admin- 
istered as a 1 per cent solution by stomach tube in the morning. The water of 
the daily ration not consumed during the day was given by gavage at 5 p. m. 


11. Evans, W. A., Jr.: The Effect of Changes in Salt and Water Metabolism 
on Salyrgan Diuresis, with Special Reference to the Effect of Permanent Bile 
Fistula. Medical Papers Dedicated to Henry A. Christian, Baltimore, Williams 
& Wilkins Company, 1936, p. 204. 

12. Saxl, P., and Erlsbacher, O.: Ueber die Verstarkung der Novasurol- 
(Salyrgan) diurese durch Ammonium Chlorid, Wien. klin. Wehnschr. 42:36 
(Jan. 10) 1929. Engel and Epstein.® 
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No animal was subjected to more than one diuretic test per week. On the day 
iiter such an experiment each dog that had been tested was given an additional 
amount of water and salt (sodium chloride and, if indicated, sodium bicarbonate) 
to compensate, when necessary, for any excess excreted during the day of diuresis. 
For the remainder of the weekly interval between tests, the standard daily regimen 
as outlined was followed. On one or more days preceding each test day, the 
twenty-four hour volume of urine and the excretion of urinary chlorides were 
determined. Any marked variation in these figures and any evidence of abnorma 
thirst or diarrhea was considered sufficient ground for postponing a schedule 
test on any dog. Thus, the animals were restored to approximately similar states 
of water and salt balance for each experiment. On the day of the test the standard 
daily regimen was suspended until the conclusion of the period of maximal 


l 


diuresis. 

At the beginning of each experiment a specimen of blood (8 cc.) was with- 
drawn from the leg by venipuncture. Neutral potassium oxalate was used to pre- 
vent coagulation. The bladder was then emptied by catheterization. Immediately 
thereafter the calculated amount of the particular salt to be studied, dissolved in 
200 cc. of water, was administered by stomach tube at a single dose. On the day 
on which the effect of salyrgan alone was studied, as well as in the study of the 
effect of water alone, 200 cc. of water was given in a similar way without any 
dissolved salt. In the event of emesis, the vomitus was promptly readministered 
by tube. Nothing further by mouth was permitted the animal during the next six 
hours. 

The output of urine was determined by catheterization at hourly intervals for 
five hours. Two hours after the beginning of an experiment salyrgan, when given, 
was injected intravenously in amounts varying from 0.75 to 1 cc., according to 
the weight of the animal. Three hours after the first specimen of blood was 
taken, that is, one hour after the time for the injection of salyrgan, a second 
specimen of blood was obtained. At the end of six hours the daily ration of 
food and water less the previously administered 200 cc. of water was given. The 
volume of urine excreted during the twenty-four hour period after the start of the 
test was determined by catheterization the next morning. 

Determinations of the chloride content were carried out on whole blood and 
on urine after the method of Patterson, as modified by Hald.13 The carbon dioxide- 
combining power of the blood plasma was determined by the method of Van Slyke 
and Cullen.14 All determinations were made in duplicate. 

A total of sixty-seven experiments was carried out as described and may be 
grouped as follows: (A) Experiments to determine the effect of salyrgan alone. 
Each of the five animals was tested in this manner. (2B) Experiments to deter- 
mine the effect of salyrgan in conjunction with nine salts: ammonium chloride, 
calcium chloride, ammonium nitrate, calcium nitrate, potassium chloride, sodium 
chloride, potassium acetate, potassium bicarbonate and sodium bicarbonate. One 
acid, phosphoric acid, was also tested with salyrgan. Each of these experiments 
was performed on four different dogs. (C) Experiments to determine the effect 
of four salts and of water without salyrgan. The salts studied in this manner 
were ammonium nitrate, ammonium chloride, sodium chloride and sodium bicar- 
bonate. Each of these experiments was performed on four different dogs. 

“Equivalent amounts” of the different salts studied on the test days were given 
in all cases. The amount of ammonium chloride used was placed arbitrarily at 


13. Peters, J. P., and Van Slyke, D. D.: Quantitative Clinical Chemistry. 
Methods, Baltimore, Williams & Wilkins Company, 1932, vol. 2, p. 838. 


14. Peters and Van Slyke,!3 p. 251. 
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0.209 Gm. per kilogram of body weight, and with this as a basis the amounts oj 
the other substances given were determined by reference to their molecular weights. 
Thus, the seven salts composed solely of monovalent ions were administered in 
equimolar doses. Two acid-forming salts (calcium chloride and calcium nitrate ) 
contained a bivalent ion; the equivalent doses of these salts were calculated as 
one-half the equimolar amount. In the case of phosphoric acid a molar solution 
was considered to have, after ingestion, 1.8 times the base-binding capacity of a 
molar solution of ammonium chloride,2® and the dose was computed accordingly. 

We were unable to carry out similar experiments with hydrochloric acid, 
owing to the intractable vomiting which followed its administration in equivalent 
doses. The use of sulfates was not attempted because the diarrhea which fre- 
quently follows their ingestion would interfere with the interpretation of the 
results. 


In order to clarify the procedure followed in each of the experiments, a sample 
protocol is here given: 
Doc 7.—A bitch police dog; weight, 21.5 Kg. 
March 22, 1935, a.m., 9:27: First specimen of blood, 8 cc., withdrawn from 
a vein in the leg and oxalated. Chlorides, 299 
mg. per hundred cubic centimeters of blood; 
carbon dioxide-combining power of the plasma, 
46.7 volumes per cent. 

9:29: Catheterization. Previous twenty-four hour 
volume of urine, 950 cc.; twenty-four hour 
urinary excretion of chlorides, 1.13 Gm. 

9:31: Calcium chloride, 4.65 Gm., dissolved in 200 cc. 
of tap water, administered by stomach tube. 

10:31: Catheterization, 28 cc. of urine. 


11:32: Catheterization, 23 cc. of urine. 


11:33: Salyrgan, 1 cc., injected intravenously. 

p-m. 12:30: Second specimen of blood, 8 cc. Chloride con- 
tent of the blood, 326 mg.; carbon dioxide- 
combining power of the plasma, 37.8 volumes 
per cent. 


12: 33: Catheterization, 226 cc. of urine. 
1:31: Catheterization, 236 cc. of urine. 
2:31: Catheterization, 143 cc. of urine. Total volume 


of urine for the three hour period of diuresis, 
605 cc.; three hour urinary excretion of chlo- 
rides, 4.59 Gm. 

3:33: Boiled horse meat, 753 Gm., and water, 445 cc., 
placed in cage. 

March 23, 1935, a.m., 9:30: Catheterization. Remainder of twenty-four 
hour urine, 650 cc.; total twenty-four hour 
volume of urine excreted, 1,306 cc.; urinary 
excretion of chlorides for twenty-four hours, 
5.284 Gm. 

11:00: Boiled horse meat, 753 Gm.; water, 645 cc., 
and sodium chloride, 1.07 Gm. given (standard 
daily ration). 

p.m. The animal given additional sodium chloride, 
4 Gm., and water, 1,200 cc., to restore loss on 
the previous day. 
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The results of the experiments are set forth in the three accompanying tables. 
Every figure given is an average of the results for four different animals. The 
ndividual results obtained for each dog were in conformity with the averages, 
except for the several instances mentioned in the text. Therefore, averages are 
reported for the sake of brevity and simplicity. 

The effects of the various salts were determined by comparison with the 
experiments in which salyrgan alone was given. It was found that when salyrgan 
was administered the diuresis was most marked during the succeeding three 
hours, that is, the third, fourth and fifth hours of the test. After that a rapid 
decline in the urinary output occurred. We therefore selected the volume of urine 
excreted during this three hour period of maximal diuresis as the basis for com- 
parison, because it best showed the relative diuretic efficacy of the substances. It 
may be said, however, that in every case the amount of urine excreted in twenty- 
four hours was found to vary in the same direction as the amount excreted in 
three hours, though to a less striking degree. 

The effects of the various substances on the carbon dioxide-combining power 
of the plasma and on the concentration of chlorides in the whole blood are reported 
as the change from the levels at the start of the experiments to those found three 
hours later. This method of denoting alteration in the blood has been chosen in 
order to simplify the presentation. The “initial” levels observed at the start of 
the experiments showed only slight variations from one test day to another, the 
probable variation 15 in any animal from its average level not exceeding 3 volumes 
per cent for the carbon dioxide-combining power of the plasma and 6 mg. per 
hundred cubic centimeters for the chloride content of the blood. We found that in 
our hands the experimental error of the analytic methods employed was of the 
same degree. In the interpretation of the results, changes in these determinations 
were not considered significant unless they were in excess of the experimental 
error. 

EXPERIMENTS WITH SALYRGAN 


The ten substances given with salyrgan may be arranged in three 
groups according to their effect on the acid-base equilibrium after inges- 
tion and absorption. Accordingly, the presentation of the results of 
these tests is divided into three sections, dealing with acidifying, alka- 


linizing and neutral salts. 

1. Acidifying Salts (table 1).—Phosphoric acid and four acid- 
forming salts (ammonium chloride, calcium chloride, ammonium nitrate 
and calcium nitrate) were tested in combination with salyrgan in a 
series of twenty-one experiments. Without exception there resulted 
a marked increase in the volume of urine excreted as compared with 
the tests in which salyrgan alone was used. The average surplus in 
the three-hour volume ranged from 115 cc. (58 per cent) with phos- 
phorie acid to 320 ce. (193 per cent) with ammonium chloride. Also, 
in every instance there occurred a significant drop in the carbon 
dioxide-combining power of the plasma, ranging from an average 


15. Knowlton, A. A.: Physics for College Students: An Introduction to the 
Study of the Physical Sciences, New York, McGraw-Hill Book Company, 1928 
Pp. 44. 
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decrease of 8 volumes per cent with calcium nitrate to 15 volumes pe: 
cent with ammonium nitrate. The concentration of chlorides in th 
blood rose definitely in the experiments in which ammonium and calcium 
chloride were used. With the other acidifying salts and with 
salyrgan alone, the changes in the chloride content of the blood were 
slight and not consistent. In addition to the augmentation of the urinary 
output, a marked increase in the excretion of urinary chlorides for the 


three-hour period over that obtained when salyrgan alone was given 
was found in all these experiments. The excretion of chlorides was, 
of course, greatest in those cases in which a chloride salt was given. 


TABLE 1.—Average Effect of the Administration of Salyrgan Combined with a: 
Acidifying Salt Compared with the Effect of Salyrgan Alone 


Surplus of 
Urinary Change 
in 


Volume Change Urinary 


Volume After Carbon in Output of 
of Urine Adminis- Dioxide- Chloride Chloride 
for tration of Combining Content for Twenty 
8 Hours Salt and Power of Blood 3 Hours Four 
After Salyrgan Surplus from from After Hour 
Adminis- Over Expressed Initial Initial Adminis- Volume 
Salt Given Dogs tration of Salyrgan as Level,* Level,* tration of of 
at Start of Used, Salyrgan, Alone, Per- Volumes Mg.per  Salyrgan, Urine, 
Experiment No. Ce. Ce. centage per Cent 100 Ce, Gm. Ce 
Nonet 4, 5, 6,7 200 —1 + 5 1.443 774 
Phosphoric 
aci¢ 4, 5, 6,7 315 115 38 —10 +10 1,909 1,017 
Nonet 8, 4, 5, 7 2 —1 +2 1.588 m4 
Calcium 
nitrate 3, 4, 5, 7 417 197 . » — 8 —7 2.683 1,199 
Nonet 3, 4, 5, 6 166 —1 + 7 1.251 77 
Ammonium 
nitrate 3, 4, 5, 6 43) 272 164 -15 0 2.533 1,122 
Nonet 7% 167 —1 +5 1.346 
Calcium 
chloride 3, 5,6, 7 464 297 178 —l1 +25 3.726 1,156 
Nonet 3, 4, 5, 6 166 —1 +7 1.251 77 


Ammonium 
chloride 


* Blood taken at the start of the experiment (initial level) and three hours later (1 hour 
after the administration of salyrgan). 
+ The figures for salyrgan alone differ according to the dogs used. 


2. Alkalinizing Salts (table 2).—Twelve individual experiments were 
conducted in which salyrgan and salts of a strong base and a weak acid, 
namely, sodium bicarbonate, potassium bicarbonate and potassium 
acetate, were used. In ten of the twelve experiments there resulted a 
definite decrease in the urinary output as compared with that noted 
after the administration of salyrgan alone. In the other two experi- 
ments (one with potassium bicarbonate and one with potassium acetate ) 
the three-hour volumes of urine were essentially the same as those 
obtained for the same animals when salyrgan alone was used. However, 
when the individual results were averaged, there was shown a definite 
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decrease in the urinary output with each of the three alkalinizing salts. 
The average deficit in the three-hour volumes of urine ranged from 
03 cc. (47 per cent), when potassium acetate was given, to 103 cc. (62 
per cent), when sodium bicarbonate was given, as compared with results 
when salyrgan alone was used. An increase in the carbon dioxide- 
combining power of the plasma occurred in each case, averaging 5 
volumes per cent for sodium bicarbonate, 8 volumes per cent for 
potassium acetate and 9 volumes per cent for potassium bicarbonate. 
The concentration of chlorides in the blood was changed only slightly 


TaBLE 2.—Average Effect of the Administration of Salyrgan Combined with an 
Alkalinizing or Neutral Salt Compared with the Effect of Salyrgan Alone 


Deficit in 


Urinary Change 
Volume in Change Urinary 
Urinary After Carbon in Output of 
Output Adminis- Dioxide- Chloride Chloride 
for tration of Combining Content for Twenty- 
8 Hours Salt and Power of Blood 3 Hours Four 
After Salyrgan Deficit from from After Hour 
Adminis- Over Expressed Initial Initial Adminis- Volume 
Salt Given Dogs tration of Salyrgan as Level,* Level,* tration of of 
at Start of Used, Salyrgan, Alone, Per- Volumes Mg.per  Salyrgan, Urine, 
Experiment No. Ce. Ce. centage per Cent 100 Ce. Gm. Ce. 
Nonet 3, 4, 5, 6 166 we ear —1 - 7 1.251 779 


Sodium 
bicarbonate 


Nonet 


0.112 


Potassium 


Nonet 


Potassium 
acetate 
Nonet 
Sodium 
chloride 


Nonet 


Potassium 
chloride 3,4, 5,6 


* Blood taken at the start of the experiment (initial level) and three hours later (1 hour 
after the administration of salyrgan). 
+ The figures for salyrgan alone differ according to the dogs used. 


and not consistently by the administration of these salts. In every 
instance in which an alkalinizing salt was administered before the 


salyrgan the urinary excretion of chlorides for the three-hour period 


of diuresis was markedly decreased. 


3. Neutral Salts (table 2).—The neutral salts studied were sodium 
chloride and potassium chloride. Eight individual tests were performed 
in which these salts were used with salyrgan. In four of the experi- 
ments (two with each salt) the three-hour urinary volume was greater, 
and in the remaining four smaller, than when salyrgan alone was used. 
When the figures were averaged, a slight diminution of diuresis was 
shown when either of the neutral salts was used, but the deficit was 


3, 4, 5,7 220 1 1.588 914 
4, 5, 6,7 20) 1 - 1.443 

4, 7 107 93 47 + 0.582 | 
3, 4, 5, 6 — 1 7 1.251 
3, 4, 5, 6 142 24 14 2 21 1.873 689 
3, 4, 5, 6 166 1 7 1.251 
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not of significant degree. Measurements of the carbon dioxide- 
combining power of the plasma showed an average drop of 2 volumes 
per cent for sodium chloride and of + volumes per cent for potassium 
chloride. Determinations of the chloride content of the blood showed 
for each salt an average rise of about 20 mg. per hundred cubic centi- 
meters. The three-hour urinary excretion of chlorides was markedly 
increased in each case without any apparent relation to the volume of 
urine excreted. 


EXPERIMENTS WITHOUT SALYRGAN 
The five substances given without salyrgan were water, sodium 
bicarbonate, sodium chloride, ammonium nitrate and ammonium 
chloride. Twenty experiments were performed, each substance being 
tested on the same four dogs. 


The results of these experiments are 


TABLE 3.—Average Results Obtained After the Administration of Water, Various 
Salts and Salyrgan Separately * 


Change in 
Carbon Change in 


Urinary Dioxide- Chloride Urinary 
Output for Combining Content of Output of Twenty-Four 
Three Hour Power from Blood from Chloride for Hour 
Diuretic Initial Level, Initial Level, Three Hour Volume of 
Period, Volumes Mg. per Diuretie Period, Urine, 
Substance Given Ce. per Centt 100 Ce.+ Gm. Ce, 
35 -1 + 7 0.016 
Sodium bicarbonate...... 45 +11 - 9 0.042 634 
Sodium chloride.......... a4 -2 0 0.613 666 
Ammonium nitrate....... 99 —13 0 0.401 743 
Ammonium chloride...... 74 —12 3D 0.653 60 
166 1 +7 1.251 


* Dogs 3, 4, 5 and 6 were used in each of these experiments. 
+ Blood taken at the start of experiment (initial level) and three hours later. 


given in table 3 as averages. The two acidifying salts, ammonium 
chloride and ammonium nitrate, acting alone provoked a greater urinary 
output for the three-hour diuretic period than did water, sodium bicar- 
bonate or sodium chloride and thus showed an intrinsic diuretic action of 
slight degree. The urinary volumes, however, were relatively small com- 
pared with those when salyrgan alone was given. Witha single exception 
the changes in the carbon dioxide-combining power of the plasma and 
in the concentration of chlorides in the blood were the same for any salt, 
whether it was given alone or in conjunction with salyrgan. This 
might be expected if one notes the negligible effect of salyrgan alone on 
these determinations. In the case of the exception (sodium bicar- 
bonate) a greater average rise in the carbon dioxide-combining power 
and in the chloride content of the blood was observed when this sub- 
stance was given alone than when it was given with salyrgan. This 
difference occurred consistently in the individual experiments, but the 
reason for the discrepancy is not clear. 
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COMMENT 

The method employed in this investigation was designed to provide 
a more accurate basis for determining the influence of various salts 
on the diuretic action of salyrgan than is usually achieved clinically. 
Most of the previously reported studies on this subject have dealt with 
clinical experience with patients under conditions that have often been 
dissimilar. It is our feeling that the method we have used has the 
following advantages : 

1. Although edema constitutes the chief therapeutic indication for 
the use of diuretic drugs, its presence makes the comparative study of 
diuretic efficacy difficult. The variability of the cause and of the degree 
of edema is such that the capacity for diuretic response is seldom similar 
in different patients or in the same patient at different times. In our 
experiments on normal dogs this factor has been eliminated. 

2. By replacement of the salt and water lost during a diuretic experi- 
ment by a standard daily intake of food, water and sodium chloride for 
one week, the animals were restored to relatively similar states of salt 
and water balance. Therefore, all the dogs possessed approximately the 
same capacity for diuretic response whenever tested. 

3. In preliminary tests with dogs maintained on a regimen including 
fluids ad libitum, we observed a definite and sustained diuresis from 
ammonium nitrate alone if this salt was given repeatedly over a period 
of several days. When salyrgan was injected subsequently there was 
a poor diuretic response. Therefore, conclusions based on the volume 
of urine excreted after the injection of one diuretic (salyrgan) after 
partial dehydration has been produced by a prolonged administration 
of another diuretic (an acid-producing salt) may be misleading with 
regard to the true diuretic efficacy of the combination. In this inves- 
tigation an “equivalent amount” of every salt studied was administered 
in a single large dose at such a time that its effects would be clearly 
manifested during the period of action of the salyrgan. 

The results of the experiments show that, of the nine salts and 
one acid given in conjunction with salyrgan, five substances—ammonium 
chloride, calcium chloride, ammonium nitrate, calcium nitrate and phos- 
phoric acid—caused marked augmentation of diuresis compared with 
the urinary output after salyrgan alone had been given. That this 
increase in diuresis was not due to a specific effect of the ammonium ion 
is shown by the similar results obtained with calcium chloride and 
calcium nitrate. That the enhanced response was not dependent on 
the elevation of the chloride content of the blood was demonstrated by 
the striking increase in the urinary output caused by the two nitrate 
salts, with no significant alteration in the concentration of chlorides in 
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the blood. The five substances which caused an augmentation of diuresis 
were all acidifying agents. All had one common effect when ingested, 
namely, the production of acidosis, as shown by a lowering of the 
carbon dioxide-combining power of the plasma. It seems evident, 
therefore, that the production of acidosis is the factor responsible for 
the increase in diuresis which occurs when salts of this type are given 
with salyrgan. 

The three salts which caused a definite decrease in the response 
to salyrgan, potassium acetate, potassium bicarbonate and sodium bicar- 
bonate, were all alkalinizing salts. This was true of potassium acetate 
with salyrgan, despite the fact that it is considered as a diuretic when 
used alone.2® These three salts all had one common effect after inges- 
tion, namely, the production of alkalosis, as shown by an elevation of 
the carbon dioxide-combining power of the plasma. The changes in 
the chloride content of the blood obtained with these salts were small 
and not consistent. It appears from these observations that the pro- 
duction of alkalosis is the factor responsible for the decrease in diuresis 
when salts of this type are given with salyrgan. 

No significant effect on the response to salyrgan was produced by 
the two neutral salts sodium and potassium chloride. The absence of 
increased diuresis in the presence of a marked elevation of the chloride 
content of the blood further indicates the lack of influence of the con- 
centration of chlorides in the blood on the extent of diuresis under the 
conditions employed in these experiments. 

Chart 1 presents graphically the average effects of the various salts 
when they were given in conjunction with salyrgan. Alterations in 
the chloride content of the blood and in the carbon dioxide-combining 
power of the plasma produced by the salts with salyrgan are depicted 
in the upper portion. Corresponding volumes of urine excreted during 
the three-hour period of maximal diuresis are indicated in the lower 
part, and for purposes of comparison the average volumes of urine 
excreted after the administration of salyrgan alone are shown. The 
marked increase in the volumes of urine excreted after the adminis- 
tration of all salts causing acidosis, the absence of any effect on 
diuresis caused by neutral salts and the definite decrease in the urinary 
output after the administration of all salts causing alkalosis are apparent. 
No correlation between the extent of diuresis and the changes in the 
concentration of chloride in the blood can be discerned. 

Chart 2 presents graphically the comparison between the urinary 
output resulting when each of four salts was given alone and that 
resulting from the combined action of each of these salts and salyrgan. 


16. Lyon, D. M.: 
2:853 (Nov. 11) 1933. 
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The average volumes of urine excreted are depicted for the three-hour 
diuretic period after the administration of water alone, of the several 
salts alone, of salyrgan alone and of the salts with salyrgan. The chart 
illustrates particularly that the diuretic response resulting from the 
combined action of an acidifying agent and salyrgan is markedly in 
excess of the sum of the responses obtained with these substances 
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Chart 1—Urinary output and changes in the blood resulting from the combined 
action of salyrgan and various salts, sodium bicarbonate, potassium bicarbonate, 
potassium acetate, sodium chloride, potassium chloride, phosphoric acid, calcium 
nitrate, ammonium nitrate, calcium chloride and ammonium chloride. Each result 
represents the average for four different animals. The volume of urine excreted 
after the administration of salyrgan alone differed according to the dogs used. The 
chart illustrates the correlation between the extent of diuresis and the changes in 
the carbon dioxide-combining power of the plasma. 


when given separately. It is therefore apparent that a synergistic 
diuretic action occurs when one of these acidifying salts and salyrgan 
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act concurrently. The virtual absence of any modifying effect on the 
diuresis due to salyrgan when a neutral salt (sodium chtoride) is giver 
is also shown. Moreover, it may be observed in this chart that the 
urinary output after the administration of sodium bicarbonate in con- 
junction with salyrgan exceeded but slightly the output when this salt 
alone was used. It is thus indicated that an almost complete inhibition 
of the diuretic action of salyrgan may occur when an alkalinizing salt 
is given with salyrgan. 

Blumgart and his associates '‘ stated that the action of ammonium 
nitrate and salyrgan when given together represented a simple addition 
of the effects of the two substances. Keith and Whelan ® suggested tha: 
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Chart 2.—Urinary output resulting from the administration of water alone and 
of salyrgan and various salts (ammonium nitrate, ammonium chloride, sodium 
chloride and sodium bicarbonate) given separately and in combination. Each 
result represents the average volume excreted during a three hour period by the 
same four animals. 


the combined action of ammonium chloride and organic mercurial com- 
pounds may be simply cumulative. Our results are not in keeping with 
these conclusions. On the contrary, they indicate that in normal dogs 
an acidifying salt and salyrgan acting concurrently have a synergistic 
diuretic action which gives rise to a urinary output far in excess of 
the sum of their separate effects. 


17. Blumgart, H. L.; Gilligan, D. R.; Levy, R. C., and Brown, M. G.: The 
Effect of Diuretics on Water and Salt Metabolism, Tr. A. Am. Physicians 47:304 
1932. 
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Certain points of clinical interest are brought out by these studies. 
In the first place, when an acidifying salt is given with salyrgan it 
should be administered in sufficiently large doses and at such times 
as to afford the maximal acidifying effect during the time of action of 
the salyrgan. It is suggested by the work of Dennig, Dill and Talbott ** 
that this desired effect is not best obtained by the continuous administra- 
tion of such a salt. These authors showed that in a person who took 
large amounts of ammonium chloride daily the degree of acidosis 
was more marked on the second and third days of administration than 
subsequently. This occurred even though ingestion of the salt was 
continued. The single dose method employed in our study is not strictly 
applicable to the treatment of patients. Most human beings would not 
tolerate in one dose a quantity of acidifying salt comparable to the 
amounts given in these experiments. However, it appears advantageous 
to administer to patients fairly large amounts of an acidifying salt 
for the two days preceding and on the day of the mercurial injection 
rather than to give the salt continuously. Such a program was found 
effective by Saxl and Erlsbacher.'? We do not wish to imply that all the 
acidifying agents employed in this study are necessarily of equal value 
for clinical use. The observations that acidosis is more easily produced, 
in human beings at least, with ammonium chloride than with ammonium 
nitrate ** and that methemoglobinemia occasionally occurs as a toxic 
manifestation with the nitrate °° lead us to prefer ammonium chloride 
for clinical use, in spite of its more disagreeable taste. Again, it seems 
evident that acidifying salts are distinctly more efficacious than neutral 
salts, such as sodium chloride, in increasing the diuretic response to 
salyrgan. In our experiments on dogs which were maintained in a normal 
state, the administration of sodium chloride caused no significant effect 
on the diuresis produced by salyrgan. This result does not contradict 
the observations of others that sodium chloride may be effective in 
increasing the response to mercurial diuretics in the presence of hypo- 
chloremia. The conditions are not comparable in the two cases. How- 
ever, our findings suggest that even in the presence of hypochloremia 
a chloride salt which can produce acidosis, such as ammonium chloride, 
might well be administered in preference to sodium chloride for the 


purpose of enhancing the diuretic action of salyrgan. Finally, because 


18. Dennig, H.; Dill, D. B., and Talbott, J. H.: Bilanzuntersuchung einer 
Salmiakazidose, Arch. f. exper. Path. u. Pharmakol. 144:297, 1929. 

19. Keith, N. M.; Whelan, M., and Bannick, E. G.: The Action and Excretion 
f Nitrates, Arch. Int. Med. 46:797 (Nov.) 1930. Binger and Keith.5 

20. Barker, M. H., and O’Hare, J. P.: The Use of Salyrgan in Edema, J. A 
M. A. 91:2060 (Dec. 29) 1928. Tarr, L.: Transient Methemoglobinemia Due 
to Ammonium Nitrate, Arch. Int. Med. 51:38 (Jan.) 1933. 
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of their inhibiting effect on the response to salyrgan, basic or alkaliniz- 
ing salts should not be given to patients who are receiving mercurial 
diuretics. 
SUMM: 


Normal dogs, under controlled conditions, were tested to determine 

the comparative diuretic responses resulting from the administration 
of salyrgan alone, of salyrgan in conjunction with various inorganic 
salts and of several of these salts alone. 

Four acidifying salts (ammonium chloride, calcium chloride, ammo- 
nium nitrate and calcium nitrate) and phosphoric acid when given with 
salyrgan effected a marked increase in the diuresis as compared with 
the response obtained from salyrgan alone. A lowering of the carbon 
dioxide-combining power of the plasma was associated with the enchance- 
ment of the diuresis in each case. 

Three alkalinizing salts (potassium acetate, potassium bicarbonate 
and sodium bicarbonate) when given with salyrgan produced a definite 
decrease in the urinary output as compared with that after the adminis- 
tration of salyrgan alone. In each instance a rise in the carbon dioxide- 
combining power of the plasma was demonstrated. 

Two neutral salts (sodium and potassium chloride) when given with 
salyrgan caused no appreciable change in the diuretic response as 
observed after the administration of salyrgan alone, and the level of the 
carbon dioxide-combining power of the plasma was not sufficiently 
altered by their administration. 

The differences in the response of salyrgan produced by the adminis- 
tration of the various salts showed no apparent relation to coincidental 
changes in the level of the chloride content of the blood. 

A synergistic diuretic action was shown to occur when an acidifying 
salt and salyrgan acted concurrently. The resulting diuresis was far 
in excess of the sum of the urinary volumes obtained when the acidifying 
salt and salyrgan were given separately. Conversely, a marked inhibi- 
tion of the diuretic action of salyrgan was noted when an alkalinizing 
salt and salyrgan acted at the same time. 

It is concluded that the modifying effect of various inorganic salts 
on the diuretic action of salyrgan is dependent on the acidosis or alkalosis 
which the salts produce on administration. 
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THE NONSPECIFIC ROLE OF PRESSOR SUB- 
STANCES IN THE PLASMA OF 
HYPERTENSIVE PATIENTS 


LOUIS LEITER, M.D., Px.D 
CHICAGO 


The etiology of clinical hypertension is still unknown. Very little 
has been added to the knowledge of the subject since Janeway’s mas- 
terly reviews in 1904' and 1913.2 The center of interest has shifted 
from the role of the kidneys to the influence of hyperirritable vaso- 
motor centers, inadequate depressor reflexes (carotid sinuses and aorta), 
excessive or unbalanced action of chemical pressor substances in the 
circulating blood, physicochemical changes in the arteriolar media (pre- 
mature “aging” ?)—in short, all the possible physiologic mechanisms 
involved in the regulation of blood pressure. To complete the circle, 
the kidneys have again been placed in the foreground by the recent 
ingenious experiments of Goldblatt and his associates.*. Their results 
are particularly significant because for the first time hypertension has 
been produced in the experimental animal by obstruction of the renal 
arteries without the necessary association of renal insufficiency. 

The difficulty of analyzing the actual nature of the disturbance of 
the blood pressure-regulating mechanism in hypertensive patients is 
obvious. For the present one can only speculate on the state of irrita- 
bility of the vasomotor center or centers or of the carotid sinuses and 
aortic nerve endings. Emphasis on the hereditary and constitutional 
aspects of hypertension adds relatively little to the knowledge of the 
etiology of the condition and rather definitely discourages experimental 
studies. For these reasons, any attempt to explain certain types of 
hypertension on the basis of a simple mechanism, objectively demon- 
strable, warrants serious consideration and careful repetition, even 
though the underlying assumptions may not be acceptable. Therefore. 
the present study is the direct result of the publications by Bohn and 
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his associates,4 who have submitted evidence to substantiate the claim 
of Volhard ° that the “pale” forms of hypertension (malignant nephro- 
sclerosis, acute diffuse glomerulonephritis and eclampsia gravidarum ) 
are associated with, and probably the result of, the presence of chemical 
pressor substances in the blood which are not present in the “red,” 
or benign, types of hypertension. 

The method of procedure differed in several important particulars 
from the technic employed by Bohn or by subsequent investigators. 
Instead of preparing alcoholic extracts of whole blood or plasma, hepar- 
inized plasma was used, on the general principle that the less artificial 
treatment the blood received the more likely it would resemble the 
circulating blood of the patient. Regardless of the theory of pressor 
action, i. e., whether it is due to an excess of pressor substance or to a 
decrease of the normal depressor substances, whole plasma should rep- 
resent the actual condition in the patient much more accurately than 
an extract. To surmount the difficulty of dilution of plasma of human 
blood by the recipient animal’s blood volume, the rat was chosen as 
the test object instead of a larger animal. The importance of con- 
trolling the many variables in this type of investigation was clearly 
recognized from the beginning. 


METHODS 


Venous blood, about 15 cc., was drawn shortly before noon from an ante- 
cubital vein of the patient into a syringe containing 1 cc. of a 1 per cent solution 
of heparin in physiologic solution of sodium chloride. The blood was transferred 
to a 15 cc. centrifuge tube and centrifugated. The time that elapsed between the 
drawing of the blood and the injection of the plasma into a rat was usually not 
more than three and one-half hours. 

White rats, weighing about 300 Gm., were used in the experiments. Anesthesia 
was induced with sodium barbital, given subcutaneously from one and one-half to 
three hours before the experiment. The dose varied from 5 to 44 mg. but 
was usually from 10 to 20 mg. The rat was kept warm. A hypodermic needle 
was introduced into an exposed but unligated vein on the anterior aspect of the 
thigh, and from 10 to 12 mg. of heparin in 0.5 cc. of saline solution was injected. 
The needle was left in the vein but was occluded between injections with a 
stylet passed through a small cork that fitted the hub of the needle snugly. A 
tuberculin syringe with a capacity of 1 or 2 cc. was attached to the needle for 


4. (a) Bohn, H.: Untersuchungen zum Mechanismus des blassen Hochdrucks : 
Gefassverengernde Stoffe im Blute beim blassen Hochdruck, Ztschr. f. klin. Med. 
119:100, 1931. (b) Bohn, H., and Schlapp, W.: Untersuchungen zum Mechanis- 
mus des blassen Hochdrucks: Weitere Erfahrungen iitber den Nachweis pres- 
sorischer Stoffe im Blute beim blassen Hochdruck, ibid. 127:233, 1934. 

5. Volhard, F.: Die doppelseitigen hamatogenen Nierenerkrankungen, in von 
Bergmann, C., and Staehelin, R.: Handbuch der inneren Medizin, Berlin, Julius 
Springer, 1931, vol. 6, pt. 1, chap. 4. 
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each injection. The rate of injection was usually from 1 to 1.5 cc. per minute, 
and the volume given in a single injection was usually 1 or 2 cc. The interval 
between injections was usually from five to fifteen minutes. 

The blood pressure was recorded from the right common carotid artery by 
means of a needle cannula connected through an adapter with the rubber tubing 
of the mercury manometer. The needle cannula was a gage 20 needle cut down 
to l cm., with the point smoothed off and the end surmounted with a bit of solder 
to keep the ligature from slipping.6 The solder, however, was later found to be 
unnecessary, and its absence facilitated the cannulation of the artery without 
trauma. Physiologic solution of sodium chloride was used in the manometer 
tubing. The injection of a little of the solution into the lumen of the rubber 
tube, when the column of blood rose into the small piece of glass tubing near 
the adapter, was helpful in preventing coagulation and in dislodging small clots 
in the needle. Gentle squeezing of the rubber tube was also helpful in forcing 
clots out of the cannula, but serious depressor reflexes at times resulted from these 
maneuvers. With proper technic, tracings of the blood pressure could be obtained 
in many experiments over periods as long as two hours. 

Artificial respiration, when necessary, was administered through a bent gage 
16 needle, 3% inches (9 cm.) long, inserted in the trachea and connected with the 
compressed air outlet. The rate and depth of respiration were controlled manually. 

Each rat was killed at the conclusion of the experiment, and the condition of 
the heart, lungs and abdominal vascular bed was noted carefully. 


RESULTS 
Under the conditions of the procedure just outlined, the rats were 
only lightly anesthetized during the first hour of the experiment and 
responded readily to vasomotor stimuli. The mere attachment of the 
syringe to the needle in the vein of the thigh often initiated a depressor 
reflex lasting twenty or thirty seconds. A less frequent effect was 
a pressor reflex. Occasionally the depressor reflex led to a striking 
fall in the blood pressure and typical vasomotor shock. Intravenous 
injections of heparinized plasma or other solutions were usually with- 
held until the reflex changes incidental to manipulation of the needle 
had subsided. In all instances the figures for rises in blood pressure 
were calculated from the control level noted just prior to the mechanical 
reflex, even though the injection was started, in some instances, during 
the subnormal level of blood pressure of the depressor reflex. 

The control blood pressure of this series of 131 rats varied con- 
siderably. However, 69 per cent of the initial values fell between 101 
and 140 mm. of mercury, 20 per cent were above 140 mm., and only 
11 per cent were below 101 mm. The largest portion, 40 per cent, 
had an initial value for blood pressure between 121 and 140 mm. The 
amount of sodium barbital used for anesthesia did not materially influ- 
ence the distribution of the control levels of blood pressure within the 


6. Durant, R. R.: Improvised Metal Cannula, J. Lab. & Clin. Med. 12:1011. 
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range employed, although it did seem to affect the rat’s response 
injected plasma. This feature will be discussed later. - 

The clinical material represented in these experiments consists 0: 
observations on 117 subjects, among which were included persons with 
various types of hypertension (primary, arteriosclerotic and renal) and a 
small group of nonhypertensive subjects. Table 1 shows the clinical sub- 
divisions. While the criteria for differentiation of the various groups are 
somewhat arbitrary, they conform to the prevailing clinical usage. The 
term “malignant” hypertension is used as the synonym for “pale” 
hypertension, to include both the primary and the nephritic type, or 
those cases in which hypertension and its consequences determine the 
malignant tempo of the disease. Such terminology is admittedly open 
to serious criticism (as is the whole concept of “malignant” hyperten- 


TABLE 1.—Distribution of the Clinical Material and the Plasmas Causing Presso) 
Effects in the Various Groups 


Plasmas Causing Pressor Effects 
Number of lam 
Diagnosis Subjects Number Percentage 


. Primary hypertension 
1. Uncomplicated 
2. With myocardial or coronary disease.... 
3. With cerebral vascular disease........... 


. Arteriosclerotiec hypertension 

. Nephritic hypertension 

. “Malignant” hypertension* 

. Miscellaneous conditions, nonhypertensive.. 


Grand total 


* This group includes subjects with both primary and nephritic hypertension. 


sion), but it is valid for the purposes of this investigation, since Bohn 
has found pressor substances most constantly in the plasma of these 
patients. 

The general effect on the rat’s blood pressure of the intravenous 
injection of heparinized human plasma was variable, but in only 5 
animals was there a “toxic” result in the form of immediate cardiac 
or vasomotor depression, which occurred with each injection. In all 
of these rats the blood pressure began to fall during the injection, 
an occurrence not observed in other rats except as a rare manifestation 
of a markedly increased blood volume after repeated injections. Apart 
from these 5 rats, all the others tolerated the single injection of 1 or 
2 cc. of plasma, and often repeated injections, without untoward effects, 
provided that respiration was adequate. The immediate response of 
the blood pressure varied from no change to a definite rise of 6 mm. of 
mercury or more during the injection, followed by a return to the con- 
trol level within a minute or two. In many instances there was ar 
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Fig. 1—1 (MD; rat 113). Control B. P., 114 mm.; 8 mm. rise from 2 cc. of 
plasma injected in ninety-eight seconds. 

2 (MD;; rat . Control B. P., 100 mm.; 15 mm. rise from 1 ce. 
of plasma injected in fifty-three seconds. Note 
the late toxic effect. 

3 (MH; rat . Control B. P., 132 mm.; no effect from 2 cc. of 
plasma injected in one hundred seconds. 

4 (MH;; rat . Control B. P., 130 mm.; 4 mm. rise (7) from 

1 cc. of plasma injected in sixty-eight seconds. 
5 (MH; rat . Control B. P., 98 mm.; no effect from 2 cc. of 
plasma injected in forty-two seconds. 
rat . Control B. P., 135 mm.; “sustained” 14 mm. rise 
from 2 cc. of plasma injected in’ one hundred and 
fifteen seconds. 
rat . Control B. P., 114 mm.; 8 mm. rise from 1 cc. of 
plasma injected in forty-five seconds. 
rat . Control B. P., 111 mm.; 11 mm. rise from 1 cc. 
of saline solution injected in fifty-seven seconds. 
Eleven minutes later the control B. P. was 115 
mm.; 8 mm. rise from 1 cc. of plasma injected 
in sixty-four seconds. 
Control B. P., 120 mm.; no effect from 1 cc. of 
saline solution injected in fifty-seven seconds. 
Five minutes later the control B. P. was 120 mm.; 
“sustained” 9 mm. rise from 1 cc. of plasma 
injected in fifty-five seconds. 

In the legends for figures 1 and 2 the abbreviations MD, MH, UH, HC, HH, 
and NH have the diagnostic meaning indicated in the footnote to table 2. The trac- 
ings read from left to right. The arrows indicate the beginning and the end of an 
injection. The term plasma denotes heparinized plasma. B. P. denotes blood 
pressure. 
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Figure 2 
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EXPLANATION OF Figure 2 


Fig. 2—10 (HC; rat 142). 


11 (MH and MD; 


(MH: rat 117). 


13 (NH; rat 86). 


14 (MH;; rat 134). 
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? 


Control B. P., 128 mm.; no effect from 2 cc. 
of saline solution injected in one hundred and 
thirty-two seconds. Ten minutes later the con- 
trol B. P. was 131 mm.; “sustained” 15 mm 
rise from 2 cc. of plasma injected in one hundred 
and thirty-five seconds. 


rat 167). Control B. P., 112 mm.; no effect from 


1 cc. of MH plasma injected in seventy seconds. 
Five minutes later the control B. P. was 112 mm.; 
“sustained” 8 mm. rise from 1 cc. of MD plasma 
injected in seventy seconds. 

Control B. P., 104 mm.; 12 mm. rise from 2 
cc. of saline solution injected in one hundred 
and ten seconds. Eighteen minutes later the 
control B. P. was 104 mm.; “sustained” 15 mm. 
rise from 2 cc. of plasma injected in one hundred 
and fifteen seconds. 

Control B. P., 146 mm.; 21 mm. rise from 1 ce 
of epinephrine (0.0005 mg.) in plasma injected 
in seventy seconds. Nine minutes later the con- 
trol B. P. was 145 mm.; 23 mm. rise from 1 ce. 


of epinephrine in saline solution injected in 
eighty seconds. 


Control B. P., 132 mm.; 4 mm. rise (?) from 
2 cc. of plasma injected in one hundred and 
twenty-five seconds. Twenty-one minutes later 
the control B. P. was 72 mm.; 16 mm. rise from 
2 cc. of plasma injected in one hundred and 
thirty seconds. 


15 a and b (NH; rat 53). Control B. P., 126 mm.; no effect 


from 1 cc. of plasma injected in fifty-eight 
seconds. Thirty-three minutes later the control 
B. P. was 80 mm.; 9 mm. rise from 1 cc. of 
plasma injected in fifty-four seconds. c (NH; 
rat 50). Control B. P., 64 mm.; 19 mm. rise 
from 2 cc. of plasma injected in one hundred 
and two seconds. At 131 mm. (not illustrated ) 
a “sustained” rise of 8 mm. occurred. 


| 
{ 
{ 


ydouido 

MAIS JY OY) PUB [BIOWING PUOVGS “PojoolUl JO JOQUINU Ul [BJIUINU oy} PUB UT 


JO} 


pojoolUl 


poqooful 
pojooful 
pazoolul 
pojooful 
qsiy BUISB[q 
pejooful 
qsiy 
paqoaful 
BUISB[ 


pajooful 
pojooful 

qsiy paqooful 
pojooful 

pajooful 


poezoofUl 


poyooful 
popooful 


CNG DEL 
CNG‘S) 
LZ 
(INLD) FE 
LSI 


CNG 


(NG DIL 


DET 
6z1 
821 
CIN F‘Z)O1 


131 


Briss 


Sei 


v 


sd 


46 9BL 
SH 3H WW 


VIVA 


IOSSI1g 


3H 
poold 


3H 
‘ainssold 


fRulseld 
ul 


uy 


|, 


| 
| 
| 
| 
| 
| 
| 
|| 
| 
| 
| 
| 
| 
| 
| | 
| 
| 
| 
| 
ee | 
| 
| 
| 
~ ~ ~ 
= = = vet 
< 
x 
| 
| 


LEITER—PLASMA OF HYPERTENSIVE PATIENTS 737 


immediate rise of only from 2 to 5 mm., which was interpreted as 
a doubtful or negative result. Instead of a quick return to the control 
level, the blood pressure might remain elevated from five to ten min- 
utes or indefinitely. This reaction has been termed “sustained’’ and 
was at times definitely attributable to the vasomotor stimulation of 
respiratory embarrassment following the injection. It was frequently 
observed, however, apart from dyspnea and was particularly likely to 
occur when the initial blood pressure was relatively low. This aspect 
will be discussed later, in connection with the influence of the intra- 
venous injection of saline solution under similar conditions. The 
different types of reaction of the blood pressure are illustrated in fig- 
ures 1 and 2. 


Taste 3.—The Association of Low Blood Pressure in the Rat and the Pressor 
Effect of Human Plasma * 


Plasma 


Control Control 


Blood Blood 
Pressure, Pressor Pressure, Pressor 
Patient Age Diagnosis Rat Mm. Hg Effect Mm. Hg Effect 
AH 46 138 0(1) 62 16(1) 
R. S. 26 NH 5 131 8(1,S) 64 19(2) 
H. W. 31 MH 51 118 0d) 62 71) 
E. B. ol NH 53 126 0(1) 91) 
kK. K. 59 UH 66 122 0(1) 70 9(1) 
M.S. 52 HH 108 136 0(2) 76 20(2,8) 
E. H. 43 HH 33 142 5(2) 76 24(1.5,S) 
uF. 23 MH 134 132 4(2) 72 16(2) 
k. M. 72 HH 125 110 0(2) 06 5(1.8) 
G.S. 37 HC 140 123 0(2) ss 9(1) 
J. F. 79 MD 155 78 20(2,S) 101 5(1,8) 
A. F. 63 HH 158 138 0d) s7 11(1.2,S8) 
G.C. 46 NH 164 140 0d) 105 19(2) 
M.S. 58 NH 165 142 0(2) 63 12(2) 


* Explanation of the symbols used is given in the footnotes to table 2. 


The relation between the effects of human plasma on the blood 
pressure of the rat and the type of clinical material is summarized 
in table 1. The details of representative experiments are given in 
table 2. It is demonstrated that definite pressor effects were obtained 
with the plasmas of from 35 to 56 per cent of the patients in each of 
the main clinical groups, whether hypertensive or not. Although the 
number of persons with “malignant” hypertension and of those without 
hypertension was rather small, the occurrence of negative effects with 
two thirds of the plasmas of the former and of positive effects with half 
of the plasmas of the latter is undoubtedly significant. Analysis of 
the 23 experiments carried out with plasmas from patients with “malig- 
nant” or “pale” hypertension indicates clearly that when positive, or 
pressor, effects were observed, the rise in blood pressure was not greater 
than that in animals giving a pressor response to plasmas from patients 
with “benign” hypertension or without hypertension. Thus, with plasmas 
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from the group with “malignant” hypertension, the rise in blood pres- 
sure varied between 7 and 15 mm., averaging 9.5 mm.; with plasmas 
from the group without hypertension the rise varied between 5 and 
15 mm., averaging 8.2 mm. There was no qualitative difference between 
the effects of plasmas from patients with “malignant” hypertension and 
those of plasmas from other patients. 

The influence of many variables is possible in experiments of 
this type. To mention only the more obvious ones, there are the level 
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Fig. 3—The relation between the control blood pressure of the rat and the 
incidence of pressor effects of heparinized human plasma. The clear rectangles 
represent positive or pressor effects; the inside figures give the percentage of the 
total. The shaded rectangles represent negative effects. 


of the control blood pressure, the depth of anesthesia, the volume of 
fluid injected prior to the injection of the plasma under study, the 
order of injection of various hemodynamic (plasma and epinephrine) 
and indifferent solutions, the vasomotor reactivity of the rat and the 
unequal concentrations of pressor substances in human plasma at dif- 
ferent times. In order to evaluate the role of some of these factors, 


+) 
4 
4 | 
| 
2, 


LEITER—PLASMA OF HYPERTENSIVE PATIENTS 739 


ithe experimental records have been analyzed carefully from several 
angles. 

The level of the rat’s blood pressure prior to the initial injection 
of heparinized plasma seemed to have little effect on the response if it 


TaBLE 4.—Results of Repeated Experiments with Plasmas from the Same 
Patients * 


Plasma Saline Solution 


. Hg 


Control Blood 
Pressure, Mm. Hg 
Pressor Effect 
Control Blood 
Pressure, Mm 
Pressor Effect 


Anes Clinical 
Patient Age thesia Condition 
J.G. 63 3/22/3: 2 37 ees Deep 
21/33 Deep Unchanged 
Light Unchanged 
Light Unchanged 
Deep 
Light Unchanged 
Deep General edema 
Light No edema 


Deep Acute colitis 
Light Acute heart 
failure 
Light Unchanged 
Light Chronic heart 
failure 
Deep 
Light Unchanged 
Light 
Light Unchanged 
Light 
Light Unchanged 
Light Unchanged 
Light Unchanged 
10(1,8) Light Early heart 
failure 
14(2,8) Light Coronary oc 
clusion 
Light Severe heart 
failure 
Light 
Light Unchanged 
Light Uremia: acute 
neuroretinitis 
Light Unchanged 
Deep Acute heart 
failure 
0(2) Light 
§(2) Light Unchanged 
10/29/38 3 0a) Light 
10/30/3: 6 7(2 Light Unchanged 
10/31/38 j 3 01) Teep Unchanged 


* Explanation of the symbols is given in the footnotes to table 2. 


lav above 100 mm. of mercury, which was the case in 89 per cent 
of the experiments. However, in rats with a blood pressure of 100 mm. 
or less, there was a higher incidence of positive, or pressor, effects, 
as shown in figure 3. If the significance of this difference could be 
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E.B. 51 NH 
©. 46 MH 
K. B. 39 
E. A. HH 
4 HH 
W.M. 2 HH 
H.P. 2 MH 
A.S. 50 HC 
J: 41 MD 
I. W. 21 HC 
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doubted because of the small number of experiments, contirmator, 
evidence was found in the experiments in which, for- one reason o: 
another, the rat’s blood pressure dropped from a normal level to a 
considerably lower one. In 17 rats which had given little or no response 
to plasma injected at the normal level of blood pressure, pressor effects 
were obtained with injections at the hypotensive level. Details are given 
in table 3. The fact that with either initial or late hypotension the 
pressor effect of injected plasma was likely to be sustained suggested 
a beneficial increase in the circulating blood volume as the direct cause 
of the positive result. 
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Fig. 4.—The relation between the amount of anesthetic (sodium barbital) and 
the pressor effect of heparinized plasma in the rat. The clear rectangles represent 
positive or pressor effects; the inside figures give the percentage of the total 
The shaded rectangles represent negative plasmas. 
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The role of anesthesia is indicated in figure 4. When the amount 
of sodium barbital exceeded 15 mg., the number of experiments with- 
vut pressor effects from plasma was about three times the number of 
experiments showing pressor responses. In contrast, the negative results 
were only half as numerous as the positive results when the dosage 
of sodium barbital was between 5 and 15 mg. .Variation in the amount 
of anesthetic used may well have been a factor in the dissimilar 
response of different rats to samples of plasma from the same patient 
This is illustrated in table 4. 
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The volume of fluid given intravenously prior to the first injection 
of heparinized plasma might be considered as a factor in the rat’s 
response to plasma, because of the small blood volume of the animal 
and the possible change in the depth of anesthesia and vasomotor 
reactivity during a number of five to fifteen minute intervals between 


injections. Of 69 rats into which plasma was injected first, only 20 
showed a pressor effect, while 22 of 35 rats given 2 cc. of saline solution 
or solution of epinephrine prior to the first injection of plasma gave a 
pressor response to the latter. This would seem to indicate that a 
moderate increase in the rat’s blood volume may be a helpful factor 
in the pressor response to plasma. That this is not entirely true is 
shown by the regular decrease in response to successive administrations 
of plasma after the first pressor effect and by the failure of the second 
or third injection of plasma to produce an elevation in blood pressure if 
the first dose had no effect. Furthermore, the 69 rats given plasma 
on the first injection happened to include 29 rats which had received 
more than 15 mg. of sodium barbital, or 85 per cent of the rats with 
the deepest anesthesia. This circumstance, as discussed in the preceding 
paragraph, would of itself tend to reduce the number of positive, or 
pressor, results in this series. 

The order of injection of hemodynamic solutions, such as plasma, 
epinephrine or plasma plus epinephrine, was varied in different experi- 
ments. Of 6 rats given epinephrine in saline solution prior to the first 
injection of plasma, 4 showed no response to plasma and 2 had a 
rise of only 5mm. All of them had reacted well to epinephrine. In 15 
other rats, epinephrine in saline solution or plasma plus epinephrine or 
both were injected after the first dose of plasma. After the usual 
interval, another injection of plasma was given. In none of these 
experiments was the reaction to the postepinephrine injection of plasma 
greater than the response to the first, or preepinephrine, injection of 
plasma. In other words, there was no evidence that the previous 
intravenous administration of epinephrine in an amount sufficient to 
produce a typical rise in blood pressure heightened the vasomotor 
reactivity of the rat to heparinized human plasma. Furthermore, in 
24 rats the rise in blood pressure produced by a given dose of epi- 
nephrine, usually 0.0005 mg., in physiologic solution of sodium chloride, 
was compared with the pressor effect of the same amount of epinephrine 
in heparinized plasma. Other variables were carefully controlled. The 
average rises in blood pressure were 12.4 and 13.6 mm., respectively. 
Epinephrine in plasma tended to give slightly more prolonged pressor 
effects than epinephrine in physiologic solution of sodium chloride. 
Eleven of the 24 rats received injections of plasmas which caused 
pressor activity. Hence, the group was a fair sample of the entire 
series. From these results there was no evidence of a synergistic action 
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in the rat between the plasmas from hypertensive patients and _ th: 


minimal effective doses of epinephrine. 
The vasomotor reactivity of the rat was tested in two ways, by 
means of epinephrine and by the injection of physiologic solution of 


sodium chloride. The injection of epinephrine was carried out in 
98 of the 131 rats. The minimal effective dose corresponded to about 
0.0008 mg. per kilogram of body weight per minute, when injected 
at the rate of 1 cc. per minute of a 1: 4,000,000 solution in physiologic 
solution of sodium chloride, freshly prepared by diluting the com- 
mercial 1: 1,000 solution. A definite depressor effect was never observed. 
Epinephrine, in contrast to saline solution or plasma, never caused 
a sustained rise in blood pressure at the ordinary levels. 

The control injection of physiologic solution of sodium chloride, 
in amounts of 1 or 2 cc., was performed in 77 rats. The control levels of 
blood pressure after the injections lay at 101 mm. of mercury or above 
in 91 per cent of the experiments, as was true following the injections 
of plasma. A rise in blood pressure occurred in 42 rats, but in only 9 of 
these was there no effect from heparinized plasma. The coincidence 
of such factors as jerking of the lightly anesthetized animals, failure of 
the blood pressure to return to the control level after the injection 
(“sustained” rise) and difficulty in the interpretation of the graphic 
record for 8 of the 9 rats should eliminate this group from serious 
consideration as an exception to the general result that rats responded 
with a pressor effect to plasma whenever they reacted positively to the 
more temporary increase in blood volume produced by saline solution. 
In 13 rats the blood pressure was unaffected by either plasma or saline 
solution. Of the 31 rats that gave pressor response to both plasma 
and saline solution, the records for 25 were satisfactory for further 
analysis. Here again, about 90 per cent of the control levels of blood 
pressure were above 100 mm. of mercury, and 40 per cent lay between 
121 and 140 mm. Simple averaging of the rises in blood pressure pro- 
duced by the injection of 0.9 per cent saline solution or plasma resulted 
in an identical figure for both, 11 mm. However, careful study of the 
records of the individual experiments revealed that saline solution 
was injected first in 19 of the 25 rats; that the rise was “sustained” 
in 13 of the 19 animals but in only 1 of the remaining 6; that plasma 
produced a “sustained” rise in only 6 of the 13 experiments in which 
there was a “sustained” response as the initial effect of the saline 
solution, and that the pressor effect of saline solution exceeded the 
pressor effect of plasma in only 2 of the 25 animals if the two factors 
just mentioned were taken into account, while the pressor effect of 
plasma surpassed the pressor effect of saline solution in 11 experiments, 
including 8 in which saline solution was injected first. From these 
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results it was apparent that the “control” injection of saline solution 
was not a true control if given at the very beginning of the experiment 
because it tended to produce an exaggerated rise of blood pressure, 
which, since it was “sustained” in two thirds of the animals, strongly 
suggested an increase of a temporarily diminished circulating blood 
volume as the cause of the observed pressor effect. The conclusion 
was strengthened by the occurrence of pressor effects of plasma at low 
levels of blood pressure (below 100 mm. of mercury) in all of 11 rats 
tested which had previously given no response to plasma at higher or 
normal levels of blood pressure (table 3). In 5 of these rats the 
‘sustained.” A characteristic 


pressor effect at the hypotensive level was * 
feature of the ‘ 
or by plasma, was the magnitude of the rise, usually from 10 to 20 mm. 


The analysis of 17 experiments in which heparinized plasma gave a 


‘sustained” effect, whether produced by saline solution 


pressor effect while saline solution produced no change in the blood 


pressure revealed that in 4 rats the plasma was injected first ; however, 
the rise was “‘sustained” in only 1 of these. Of the other 13 rats, 5 
gave a “sustained” response to plasma injected in amounts of 2 cc. 
The clinical material represented in this series of 17 experiments 
included 8 cases of “benign” hypertension and its sequels, 2 cases each 
of “malignant” hypertension and glomerulonephritic hypertension, 1 
case of arteriosclerotic hypertension and 4 of nonhypertensive con- 
ditions. In other words, there was nothing remarkable about the clinical 
sources of the samples of plasma. 

Possible variations in the concentration of the pressor substances 
in the plasma of a given patient at different periods were investigated by 
means of repeated experiments with plasma from 22 patients (table 4). 
The interval between the taking of samples varied from twenty-four 
hours to one year. In 11 cases the results were constant, and in 6 
of the remaining 11 there were sufficient differences in the depth of 
anesthesia or in the control levels of the blood pressure of the rat 
to account for observed inconsistencies. Marked changes in the patient's 
clinical condition seemed to have much less influence on the experimental 
result than the state of the various rats used. On the whole, plasma 
from a given patient tended to produce constant effects. However, a 
much larger series of multiple experiments would be necessary to 
allow a definite conclusion on this point. 


COMMENT 


The search for a chemical pressor substance in the blood of hyper- 
tensive patients is not new. Janeway in 1913? reviewed the earlier 
experiments critically and discarded the hypothesis that epinephrine 
was responsible for clinical hypertension. As to pressor effects in 
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general, the experiments of Stewart? gave negative results, but. the 
amount of human serum injected into dogs was undoubtedly too low 
Danzer, Brody and Miles * reported positive or pressor results with 
whole blood injected into cats. The somewhat similar experiments 0/ 
Curtis, Moncrieff and Wright? led to the opposite conclusion. Hgst 
performed many transfusions of blood from hypertonic subjects to 
patients with normal blood pressure without observing any significant 
effects on the blood pressure of the latter. 

It required the work of Bohn * to give a new impetus to the search 
for pressor substances in the blood of hypertensive subjects. In 193] 
he reported that alcoholic extracts of whole blood from 100 normal 
persons and 84 patients with “red” hypertension caused a 10 to 20 mm 
fall in the blood pressure of curarized cats which had received ethy! 
carbamate (urethane). On the other hand, similar extracts of blood 
from 19 patients with “‘pale” hypertension (“malignant” nephrosclerosis ) 
produced a rise in blood pressure of from 10 to 20 mm. when injected 
intravenously into cats. There were admittedly difficulties in these 
experiments, since depressor effects occurred in one test or another in 
half of the patients with “pale” hypertension. Pressor effects were also 
obtained with extracts of plasma from 10 patients with “transitional” 
(i. e., from “red” to “pale”) hypertension, from 7 of 10 patients with 
acute diffuse glomerulonephritis and from a number of patients with 
chronic hypertensive glomerulonephritis and uremia. In general, there- 
fore, these results corroborated Volhard’s *® theoretical speculations on 
the etiology of clinical hypertension. 

Repetition of Bohn’s work by other investigators has led to con- 
flicting results. Marx and Hefke* reported prolonged rises in the 
blood pressure of from 15 to 45 mm. of mercury in trained unanes- 
thetized dogs into which were injected alcoholic extracts of from 80 
to 100 cc. of blood from patients with “malignant” hypertension. The 
maximum response occurred with extracts of blood from patients with 
acute nephritis or contracted kidneys. Unfortunately, similar results 
were also obtained with extracts of blood from epileptic patients. 
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there was no direct correlation between the height of the patient’s 
blood pressure and the amount of pressor effect. A carefully conducted 
series of experiments by de Wesselow and Griffiths,'* in which various 
methods of extraction were used, led the authors to conclude that the 
first effect of all extracts of whole blood was a rapid fall in the blood 
pressure of cats; that the pressor effects of extracts of whole blood 
were the same for normal persons and for donors with “malignant” 
hypertension and scarcely differed from the slight rise following the 
injection of 5 cc. of Tyrode’s solution, and that extracts of whole blood 
from patients with “benign” hypertension gave the most marked pressor 
results. However, extracts of the plasma had no effects in the last 
group and, in general, were physiologically identical in the normal 
persons and in those with a pathologic condition. Ultrafiltrates of 
human plasma never showed pressor effects. In short, Bohn’s conclu- 
sions were entirely contradicted, both as to fact and as to theory. 

In a more recent publication, however, Bohn and Schlapp *° described 
an improved method for extracting human plasma to get rid of depressor 
substances and laid down strict conditions for the rest of the experi- 
mental procedure in order to control the depth of anesthesia, the initial 
level of the cat’s blood pressure, the number and nature of solutions 
injected and other variables. Strongly pressor effects were again reported 
from plasma of patients with “malignant” hypertension and chronic 
nephritis, but early depressor, with later pressor, effects were present 
in the plasma of patients with acute nephritis, before eclampsia and 
during eclampsia. Contrasting with these results are the thorough 
studies of Page’* and of Capps, Ferris, Taylor and Weiss.’* Page 
has detected a powerful pressor substance in extracts of the plasma 
and other body fluids of human subjects without observing an increased 
amount in the plasma of patients with various types of hypertension. 
Capps and his associates have worked with acetone and alcohol frac- 
tions of both the blood and the urine of normal and hypertensive 
persons. The extracts of blood produced no significant pressor effect, 
regardless of the clinical source. The urinary extracts usually contained 
pressor material, but there was no significant difference between the 
normal and the hypertensive subject in respect to the quantity of pressor 
substance excreted. Elliott and Nuzum,'® who injected citrated human 
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blood into rabbits, also failed to observe striking differences in vaso- 
motor effects between blood from normal and that from hypertensive 
persons. 

The present study has been in progress since 1932. At first, 12 
trained unanesthetized dogs were used. Their blood pressure was 
recorded directly from the transplanted common carotid or femoral 
artery, according to the method of Dragstedt.’® Heparinized plasma ot 
human blood was injected intravenously in amounts varying from 4 to 
20 cc. The samples of blood came from 31 patients with various types 
of hypertension, including 7 in the “malignant” stage. Plasma from 16 
nonhypertensive patients was also tested. The results were entirely 
negative in all but 4 instances and in only 1 of these was plasma used 
fron a patient with “malignant” hypertension. Repeated experiments 
were Catried out with the plasma of 3 patients with “malignant” hyper- 
tension. The factor of dilution of the patient’s blood by the dog’s blood 
volume was naturally considered as the most likely explanation for 
the absence of pressor effects. Hence, the rat was chosen as the 
experimental animal for the remainder of the work. Incidentally, it 
was possible to confirm Dragstedt’s** observations in regard to the 
minimal effective dose of epinephrine and the absence of a depressor 
response in the unanesthetized dog. 

The results of the injection of heparinized human plasma into rats 
have already been discussed in some detail. Critical consideration of the 
experimental procedure reveals serious drawbacks, e. g., the small blood 
volume of the rat and the danger of overloading the circulatory system 
by even a few injections, the possible delayed toxic effect of foreign 
protein, the difficulty of controlling the degree of anesthesia and respir- 
tory ventilation and the absence in all but the last 12 experiments of 
comparative observations on injections of different plasmas in the same 
rat. However, in spite of these and other difficulties, there is no doubt 
that the pressor effect in the rat of plasma from a patieat with “malig- 
nant” or “pale” hypertension is indistinguishable from the pressor effect 
of plasma from a patient with a nonhypertensive condition or “benign” 
hypertension. Furthermore, the percentage of positive results was about 
the same for all clinical groups (table 1). That the positive or pressor 
response must be interpreted in relation to the animal’s circulating blood 
volume, level of blood pressure and depth of anesthesia has already 
been demonstrated. The previous injection of epinephrine seems to 
have little bearing on the later response of the rat to human plasma. 
It is important, however, to rule out volume effects on the blood pres- 
sure by preliminary injections of saline or other solutions until the 


16. Dragstedt, C. A.: Observations on Hemodynamic Action cf Epinephrine 
J. A. M. A. 91:1033 (Oct. 6) 1928. 


be 
a 
4 
4 
ae 
at 


LEITER—PLASMA OF HYPERTENSIVE PATIENTS 747 


blood pressure is stabilized. This undoubtedly applies to other animals 
as well as to the rat, especially when a general anesthetic is employed 
and the experiment is prolonged. 

The pressor effect in the rat of heparinized human plasma is not 
dramatic. In terms of epinephrine it would correspond usually to a 
minimal effective dose. Of course, the material injected has been diluted 
from ten to thirty times by the rat’s own blood. Judging from the 
extreme rarity of immediate depressor effects, human plasma is not toxic 
to the rat. In fact, in a number of animals in which the blood pressure 
had dropped to low levels during the course of an experiment, the 
repeated injection of plasma or packed red corpuscles from human blood 
or mixtures of the two has resulted in a return of the blood pressure 
to a normal level and marked improvement in the general condition of 
the rat. 

The nature of the pressor substance apparently present in many 
human plasmas has not been investigated in this study. Chemical treat- 
ment of the plasma was purposely avoided. Ultrafiltration was not 
attempted because of the uniformly negative results reported by other 
investigators. The difference between temporary and “sustained” pres- 
sor responses could not be traced to any known difference in the clinical 
source of the material. Plasma mixed with epinephrine usually produced 
no greater or less rise in the blood pressure than the control reaction 
to epinephrine in saline solution. Therefore, the pressor material in 
human plasma is not a sensitizer to epinephrine in the rat. 

Whether the pressor activity is a constant or variable feature of the 
plasma of certain persons with or without hypertension has not been 
definitely established in this work. It is possible that repeated testing 
with plasma which originally caused a negative effect might yield positive 
results in some experiments. The interpretation of such variations is 
rather subjective, because of the difficulty in controlling conditions in the 
experimental animal. The old advice of Stewart * to “fractionate” the 
test object or the material tested is very timely. 

One may conclude from the experiments reported here that no 
evidence has been obtained to support the views of the Volhard group 
that the etiology of “pale” hypertension is intimately related to a pressor 
substance in the circulating blood of the diseased person. On the con- 
trary, an apparently identical pressor effect is produced by plasma from 
patients with “benign” hypertension or with normal blood pressure. 
Whether the pressor action of heparinized plasma in the rat is caused 
by the same material which other investigators have studied in various 
extracts of whole blood, plasma, urine or other body fluids has not been 
determined; but it is reasonable to assume that a common agent is 
involved in all these experiments. The more important question of the 
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role of such pressor substances in human cardiovascular physiology 
cannot be answered at present without unjustifiable speculation. 


SUMMARY 

In preliminary experiments the intravenous injection of heparinized 
plasma of human blood into unanesthetized dogs produced no significant 
changes in the mean blood pressure, directly recorded. No difference 
was observed between the effects of plasma from nonhypertensive per- 
sons and the effects of plasma from “malignant” hypertensive patients. 

The use of the rat as the test animal, to diminish the dilution of 
the injected plasma by the animal’s blood volume, made possible the 
demonstration of pressor effects from 51, or 44 per cent, of 117 
‘heparinized plasmas. 

The distribution of pressor effects of the plasmas among the different 
clinical groups was independent of the type of hypertension or of the 
presence of hypertension. 

Plasmas from 17 patients with “malignant” hypertension gave no 
higher incidence of pressor effects or greater rises in blood pressure 
than plasmas from 100 other subjects, of whom 83 had various types 
of hypertension and 17 had miscellaneous nonhypertensive conditions. 

Plasmas from hypertensive patients did not increase the response 
of the blood pressure of the rat to minimal effective doses of epinephrine. 

As a result of this study and the related work of other investigators, 
it must be concluded that there is no satisfactory evidence for the 
theory that “malignant” or “pale” hypertension (or, for that matter, any 
common form of clinical hypertension) is caused by the presence oi 
pressor substances in the patient’s blood. 
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RELATIVE VALUES OF CAFFEINE AND HYPER- 
TONIC DEXTROSE AND SALINE SOLUTIONS 
IN REDUCING CEREBROSPINAL 
FLUID PRESSURE 


ABRAM BLAU, M.D. 
NEW YORK 


The intravencus injection of a hypertonic solution of dextrose for 
the purpose of reducing the cerebrospinal fluid pressure is a common 
procedure in the treatment of neurologic disturbances, although few 
direct observations of its effects have been reported in the literature. 
The procedure is based mainly on a number of experimental studies 
on animals.* 

During exploratory craniotomy, Fay? observed a decrease in the 
dural tension following the intravenous administration of a 15 per cent 
saline solution. A number of observers have measured the effect of 
these solutions by the application of a tambour next to postoperative 
cranial defects or herniations, but their results are contradictory. 
Ebaugh and Stevenson * noted a prolonged fall in pressure after the 


From the Neurological Service of Dr. Israel Strauss at the Mount Sinai 
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intravenous administration of 200 cc. of a 30 per cent dextrose solution, 
while Stevenson and his associates * noted only a slight effect. Foley 
used a 15 per cent saline solution and observed a definite decrease of 
the herniation. The more direct method of continuously measuring the 
spinal fluid pressure by means of lumbar puncture and a manometer 
has been applied more recently. With this technic, Foley *® noted a 
marked fall with the administration of 190 cc. of a 15 per cent saline 
solution, Browder ® noted both a moderate fall and a distinct rise with 
100 cc. of a 50 per cent dextrose solution, and Haug’ reported only 
a slight indefinite change caused by either solution. Milles and Hur- 
witz,’£ Jackson and his co-workers* and Masserman® observed a 
primary transient rise, a secondary reduction and, finally, a tertiary rise 
above the normal a short time (from one-half to three hours) after 
the intravenous injection of up to 200 cc. of dextrose solution. By a 
similar technic Denker '° and Haug * demonstrated a constant decrease 
of the cerebrospinal fluid pressure for about one half hour following 
the intravenous injection of caffeine. 

Since the common procedure in the clinical use of dextrose is to 
inject about 50 ce. of a 50 per cent solution, more or less rapidly, intra- 
venously with a syringe, and since saline solutions have not been 
sufficiently employed, the problem appeared to require further investiga- 
tion. Furthermore, no observations have been reported in patients with 


increased intracranial pressure. The purpose of this report is to record 
the results of a study of the effect on a number of persons with normal 
and abnormal cerebrospinal fluid pressure when hypertonic solutions ot 
dextrose and sodium chloride and of catfeine were administered intra- 
venously in a short period of time. 


4. Stevenson, L.; Christensen, B., and Wortis, S. B.: Some Experiments in 
Intracranial Pressure in Man During Sleep, Am. J. M. Sc. 178:663 (Nov.) 1929 

5. Foley, F. D. B.: Clinical Uses of Salt Solutions in Conditions with 
Increased Intracranial Tension, Surg., Gynec. & Obst. 33:126 (Aug.) 1921. 

6. Browder, J.: Dangers in the Use of Hypertonic Solutions in the Treat- 
ment of Brain Injuries, Am. J. Surg. 8:1213 (June) 1930. 

7. Haug, K.: Klinische und pharmakodynamische Untersuchungen des 
Liquordrucks vermittelst Dauerdruckmessungen bei Geisteskranken, Arch. f. Psy- 
chiat. 97:189, 1932. 

8. Jackson, H.; Kutsunai, T.; Leader, L. O., and Joseph, L. D.: Effects of 
Hypertonic Dextrose Solutions in Intracranial Pressure, J. A. M. A. 100:731 
(March 11) 1933. 

9. Masserman, J. H.: Effects of Intravenous Administration of Hypertonic 
Solutions of Dextrose, J. A. M. A. 102:2084 (June 23) 1934. 

10. Denker, P. G.: The Effect of Caffein on the Cerebrospinal Fluid Pressure, 
Am. J. M. Sc. 181:675 (May) 1931. 


= 

\ 

= 
2 


BLAU—REDUCING CEREBROSPINAL FLUID PRESSURE 51 


METHOD 


The study was carried out during routine tests by lumbar puncture on patients 
from the neurologic service of Dr. Israel Strauss. The patients were chosen 
according to their ability to remain in the lateral position on the right side for 
the period required. The ages of the patients studied varied from 9 to 68 years. 
No sedative was administered, but as a reassuring preliminary measure the pro- 
cedure was explained to the patient as much as possible. With local anesthesia, 
a lumbar puncture was made in the third lumbar space, and a glass manometer 
was attached with the loss of only 2 or 3 drops of fluid. A Queckenstedt test was 
performed to insure the patency of the system. Readings were then made until 
the basic normal variations were established, usually for from fifteen to thirty 
minutes. After this, the solution was injected into the median basilic vein with 
a large syringe, and the readings were continued at one minute (or more fre- 
quent) intervals for a varying period, as conditioned by the patient’s cooperation. 
Before the termination of the examination the Queckenstedt test was repeated. 
The observation was discarded if the patient proved uncooperative, if the needle 
did not enter the subarachnoid space without mishap, if more than 2 or 3 drops 
of fluid was lost or if the cerebrospinal fluid system did not remain freely patent, 
as shown by the cardiac and respiratory oscillations and the Queckenstedt test. 
A total of fifty-one observations are reported (in some instances the same patient 
was used for more than one) : fifteen with 50 cc. of a 50 per cent dextrose solution, 
thirteen with 100 cc. of a 50 per cent dextrose solution, seven with 50 cc. of a 
15 per cent saline solution, eight with 100 cc. of a 15 per cent saline solution 
and eight with 5 grains (0.3 Gm.) of caffeine sodium benzoate. The last group 
confirmed the findings of other workers and served as a control. 


OBSERVATIONS AND COMMENT 

These observations are completely presented in charts 1 to 5. The 
ordinate unit represents 20 mm. of cerebrospinal fluid pressure, and 
the abscissal unit, two minutes of time each. The perpendicular line 
preceding each reading denotes the preliminary variation of pressure 
taken as the basic standard. It is interesting that the extent of normal 
variations in the individual cases varied somewhat directly with the 
height of the pressure and was most marked in the cases of tumor of 
the brain. A significant fact is that in the cases of tumor of the brain 
there were wide rapid oscillations, even more striking than can be shown 
in a graph on such a small scale; this was most marked in the cases of 
the neoplasm of the posterior fossa (cases 25 and 50). 

In most cases there was a rise in pressure preceding the injection ; 
this was due to the application of the tourniquet. A primary rise in 
pressure following the injection was not a constant observation as 
reported by others.** 

Chart 1 demonstrates the result of the administration of 50 cc. of 
a 50 per cent solution of dextrose. The average duration of the injec- 
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tion was one minute and thirty-eight seconds. In only two cases 
(1 and 9) was there a slight lowering of the pressure; in ten cases, 
including one of tumor of the brain (2, 3, 4, 5, 10, 11, 12, 13, 14 and 15), 


480 
| 
320. 15 Spongioblastoma of Parietal Lobe #40 


i 14 For test only “42 


13 Subacute Encephalitis “9 


11 Familial Periodic Paralysis “16 
4 


10 Chronic Epidemic Encephalitis #30 


9 Tabes Dorsalis 40 


& For test only *3¢ 


7 Schmincke Tumor $43 


€ Tabetic Dementia Paralytice #34 


4 5 Chronic Alcoholism “40 


4 Multiple Sclerosis “31 
120 
90 


3 For test only “35 
120) 
20) 
i 
a 
4 1 Osteo-arthritis 
€0 


20 40 50 60 70 80 90 
Time in Minutes 


Fig. 1 (cases 1 to 15).—The vertical lines indicate the extent of the preliminary 
variations in the cerebrospinal fluid pressure taken as the normal basic standard. 
The arrow marks the point of the intravenous injection of 50 cc. of a 50 per cent 
solution of dextrose. 


‘3 
> 
175 
210 4 
125 
4 12 Syringomyelia °22 
10 
| 
160 
1605 
150 
150 
105 
4 
120 
ool 
90 


BLAU—REDUCING CEREBROSPINAL FLUID PRESSURE 753 


there was no significant change, while in three cases (6, 7 and 8) there 
was a definite rise. The injections of 100 cc. of hypertonic solution 
of dextrose averaged two minutes and ten seconds each, and the obser- 
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Fig. 2 (cases 16 to 28).—The vertical lines indicate the extent of the prelim- 
inary variations in the cerebrospinal fluid pressure taken as the normal basic 
standard. The arrow marks the point of the intravenous injection of 100 cc. of 
a 50 per cent solution of dextrose. 
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vations are shown in chart 2. A temporary fall occurred in only five 
cases (17, 24, 26, 27 and 28), three being cases of ‘increased intra- 
cranial pressure. In seven cases, including one of tumor of the brain 
(16, 19, 20, 21, 22, 23 and 25), there was no appreciable effect, while 
in one case (18) there was a definite marked rise above the normal 
pressure. 

The injection of hypertonic saline solution caused a definite decrease 
in the cerebrospinal fluid pressure in all the cases (charts 3 and 4). 
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Fig. 3 (cases 29 to 35).—The vertical lines indicate the extent of the prelim- 
inary variations in the cerebrospinal fluid pressure taken as the normal basic 
standard. The arrow marks the point of the intravenous injection of 50 cc. of a 
15 per cent solution of sodium chloride. 


The average duration of the two doses was, respectively, two minutes, 
forty seconds and six minutes, forty seconds. With the doses of 50 cc. 
the effect was temporary and was comparable to that noted in five cases 
in which 100 cc. of hypertonic dextrose solution was injected, but a 
fall in pressure was constant. The reduction was also most marked 
in the cases of higher intracranial pressure. With 100 cc. of a 15 per 
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409 


cent saline solution a decrease of the cerebrospinal fluid pressure was 
observed in all cases, was the most marked in the series and persisted 
for the full length of the experiment. 
The depressant effect of caffeine on the cerebrospinal fluid pressure 
was confirmed (chart 5), but its duration was transient. 
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Fig. 4 (cases 36 to 43).—The vertical lines indicate the extent of the prelim- 
mary variations in the cerebrospinal fluid pressure taken as the normal basic 
standard. The arrow marks the point of the intravenous injection of 100 cc. of 
a 15 per cent solution of sodium chloride. 


An incidental observation was that when the pressure is decreased 
by any of the solutions the extent of the fluctuating variations is dimin- 
ished and the pressure becomes more stable; when there is a return 
to the original pressure the full extent of the fluctuations recur. 
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The most important fact in this study is that it demonstrates the 
superiority of a hypertonic solution of sodium chloride over that o: 
a hypertonic solution of dextrose or caffeine as a depressant of the 
cerebrospinal fluid pressure. This is in agreement with the origina! 
observations of Weed and McKibben ™ in animals; the solutions of 
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Fig. 5 (cases 44 to 51).—The vertical lines indicate the extent of the prelim- 
inary variations in the cerebrospinal fluid pressure taken as the normal basic 
standard. The arrow marks the point of the intravenous injection of 5 grains of 
caffeine sodium benzoate. 


dextrose caused a much smaller effect than did those of the electrolytes. 
This can be readily accounted for by the fact that the diffusion time 
of dextrose is three times that of sodium chloride and therefore its 
osmotic pressure is proportionately less. 
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It would seem that the saline solutions should displace the dextrose 
solutions in the clinical application of hypertonic solutions intravenously 
for the reduction of intracranial pressure. The dextrose solutions offer 
only slight beneficial effects and may be followed by an aggravation 
of the condition owing to the subsequent rise in pressure.'! The toxic 
effect of hypertonic saline solution is doubtful. In none of the cases 
was a deleterious effect shown clinically, except for a transient flushing 
and a complaint of thirst. In two cases the injection was followed by 
a slight chill, but this was probably due to some pyrogenic impurity 
in the water? In the treatment of thrombo-angiitis obliterans with 
repeated injections of hypertonic (5 per cent) saline solution, Silbert 
has not observed a fatality or a serious reaction in about twenty thou- 
sand such injections. The occasional report of adverse results must 
be attributed to the secondary rise in the cerebrospinal fluid pressure 
and should be applicable to any of the hypertonic solutions. 


SUMMARY 

The effects on the cerebrospinal fluid pressure of the intravenous 
administration of hypertonic dextrose (50 per cent) and saline (15 per 
cent) solution and a solution of caffeine sodium benzoate (5 grains ) 
were compared in fifty-one observations on normal persons and on 
patients with increased intracranial pressure. The injection of dextrose 
solutions was effective in reducing the cerebrospinal fluid pressure in 
only relatively few cases. In a few cases the injection of a dextrose 
solution caused an immediate prolonged rise in the pressure. The effect 
of caffeine was greater and was consistent, but with both the latter and 
the dextrose the results were transient. The injection of hypertonic 
saline solution, however, resulted uniformly in a definite and more 
persistent reduction in the cerebrospinal fluid pressure. It is therefore 
suggested that hypertonic solutions of sodium chloride should replace 
the solutions of dextrose in clinical administration for the reduction of 
intracranial pressure. 


12. Seibert, F. B.:  Fever-Producing Substances Found in Some _ Distilled 
Waters, Am. J. Physiol. 67:90 (Dec.) 1923. 

13. Silbert, S.:  Thrombo-Angiitis Obliterans (Buerger):  V. Results of 
Treatment with Repeated Injections of Hypertonic Salt Solution, J. A. M. A. 94: 
1730 (May 31) 1930. 
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LYMPHOBLASTOMA CUTIS 


REPORT OF A CASE WITH AUTOPSY 


ARTHUR S. ROSENFELD, M.D. 
Assistant Professor Clinical Medicine, University of Oregon Medical School 
AND 
J. V. STRAUMFJORD, M.D. 
Pathologist, Dr. R. C. Coffey Clinic and Hospital 


PORTLAND, ORF, 


The generic name lymphoblastoma cutis, suggested first by Mallory, 
in 1914, and later by Keim,! in 1924, covers a group of dyscrasias of the 
skin, glands and blood which blend one into the other and are of such 
rarity and interest as to warrant reporting them. In this group are 
included Hodgkin's disease, lymphosarcoma, leukemia and mycosis 
fungoides. Goeckerman stated that there is a growing tendency in this 
country to regard them as varying clinical manifestations of the same 
disease. At least, his experience at the Mayo Clinic supported the con- 
ception that the diseases are genetically closely related. In some cases a 
condition with characteristics of one disease has later changed and devel 
oped characteristics of another or possibly of several others of the 
group. Occasional mention of such metamorphoses has been made in 
the literature. According to Arndt,? Erhlich and his pupil Pinkus were 
the first to show that lymphatic leukemia and pseudoleukemic processes 
were the same. Elsner * and Sternberg both stated that the transition of 


primary pseudoleukemia to leukemia is possible and occasionally occurs. 
Goeckerman and Montgomery * cited cases in which mycosis fungoides 


has changed to lymphosarcoma. They reported a case suggestive of this 
change. Bunting and Yates expressed the belief that lymphogranuloma 
can become transformed into sarcoma, and Warthin ® maintained that it 

Read before the North Pacific Society of Internal Medicine, Seattle, March 
17, 1934. 

1. Keim, H. L.: Universal Leukemia Cutis, Arch. Dermat. & Syph. 10:579 
(Nov.) 1924. 

2. Arndt, G.: Diseases and New Growths of Lymphatic Origin, J. A. M. A 
63:1268 (Oct. 10) 1914. 

3. Elsner, H. L.: Prognosis of Internal Diseases, in Monographic- Medicine, 
New York, D. Appleton & Company, 1916, vol. 6, p. 536. 

4. Goeckerman, W. H., and Montgomery, H.: Cutaneous Lymphoblastoma : 
Report of Two Unusual Cases, Arch. Dermat. & Syph. 24:383 (Sept.) 1931. 

5. Warthin, A. S., in Osler, W., and McCrae, T.: Modern Medicine, Its 
Theory and Practice, ed. 3, Philadelphia, Lea & Febiger, 1925-1927, vol. 1, pt. 2, 
chap. 6, p. 199. 
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an change into leukemia. Cases have been reported in which the con- 
ition could not be classified even after complete autopsy and on which 


ifferent pathologists have expressed widely divergent opinions. Our 


ase is interesting from the standpoint of the protean clinical manifesta- 
tions and instructive from the standpoint of the pathologic changes. 


REPORT OF CASE 

History —The patient was first seen in August 1928, in consultation with 
Dr. J. E. Ettelson, who made the diagnosis of lymphoblastoma cutis. She was a 
widow, 60 years of age. Her chief complaint was an itching eruption of the skin 
i two years’ duration. It began in 1926 with two red, scaly patches on the inner 
side of the thighs and gradually spread to involve the entire skin. She felt well 
in every other way and complained of no symptoms referable to the gastro- 
intestinal, genito-urinary, cardiorespiratory or nervous systems. Her entire skin 
was peeling and gave her almost intolerable discomfort from the intense itching. 
Her family and her personal history were entirely negative. 

Examination.—Physical examination revealed a well nourished and well pre- 
served woman. There was a generalized, scaly, erythematous dermatitis. The 
color was dull red to reddish brown. The exfoliation was of a mild type with 
slightly adherent scales. The skin was thickened and firm to the touch. It had a 
pliable, leathery feel. The gluteal and other skin folds were greatly exaggerated. 
The results of examination of the heart and lungs and those of other physical 
examinations were entirely negative with the exception of the discovery of a 
moderate enlargement of the cervical and left axillary lymph glands, which were 
the size of small walnuts, firm, discrete and not tender. The liver and the spleen 
showed no perceptible enlargement. The roentgenogram of the chest showed no 
mediastinal enlargement or other pathologic changes. A complete gastro-intestinal 
roentgen examination, including a Cole-Graham study of the gallbladder, gave 
negative results. The basal metabolic rate was —3. The urine was entirely 
normal on several examinations. The acids of the stomach showed a free hydro- 
chloric acid value of 39 and a total acidity of 66. The amount of bilirubin in the 
serum was normal. The Wassermann reaction was negative. The urea nitrogen 
content of the blood was 15.5 mg. per hundred cubic centimeters, and the sugar 
content was 100 mg. The eyegrounds showed no changes. 

The chief scientific interest in the patient at that time lay in the blood counts 
and the adenopathy. There was a persistently high lymphocyte count, ranging up 
io 79 per cent, with a highest total count of 26,000. A few lymphoblasts were 
consistently present. Table 1 is a record of the different blood counts made 
during the patient’s stay in the hospital as well as of subsequent counts made 
frequently during the course of the disease. 

Pathologic Report—Owing to the atypical blood count when the patient was first 
seen in 1928, it was deemed advisable to remove a gland for microscopic examina- 
tion. This was done on Sept. 8, 1928. The following is the pathologic report 
by Dr. H. H. Foskett: 

“The specimen consisted of fragments of a lymph node measuring 2 by 4 cm. 
with an overlying area of skin. It was of a soft, homogeneous consistency. 
Surfaces made by sectioning revealed a homogeneous, grayish, cellular tissue. 
The gland was smoothly encapsulated. 
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“Microscopic sections of the gland revealed hyperplasia of lymphoid c 
somewhat larger than normal lymphocytes. This hyperplasia was of suftici 
extent to obliterate all the normal markings of the lymph node. There was 
peculiar proliferation of endothelial cells of the capillary walls. There were 


mitotic figures. There was no evidence of fibrosis or hemorrhage. The ski: 
showed an accumulation of lymphocytes in the subcutaneous tissues with a marked 
hyperplasia of the lymphoid tissue of the papillary layer of the skin. The hyyx 
plasia consisted of an accumulation of lymphocytes, lymphoblasts and occasiona 
plasma cells. There was no apparent thickening of the stratum corneum of t 

skin. 


TABLE 1.—Record of Blood Counts Made During a Five Year Period 


Poly- Poly- Poly- 
morpho- morpho- morpho- Cells Lympho- 
Red nuclear nuclear nuclear Lym- Not blasts or 
Blood Hemo- Neutro- Eosino-  Baso- pho- Classi- Mono- Rieder 
Cells, White globin, phils, phils, phils, cytes, fied, mnuclears, Cells, 
Thou, Blood — Per- Per- Per- Per- Per Per Per Per 
Date sands Cells centage centage centage centage centage centage centage centag 
8/31/28 4,700 18,700 93 25 1 1 68 5 
9/ 1/28 20,600 14 1 70 18 
9/ 2/28 18,200 is 2 79 l 
9/ 3/28 12,000 20 e's 70 10 
9/ 4/28 16,400 17 74 8 
9/ 9/28 5,200 26,000 100 24 ‘ bi 70 6 
10/ 1/28 4,500 10,000 20 5 75 
11/12/28 4,600 13,000 90 26 70 1 
12/13/28 4,500 23,000 87 $3 4 a 63 
3/11/29 4,900 14,000 100 338 2 1 59 ae we 
6/15/29 4,300 9,400 72 26 2 
7/ 8/29 4,700 6,600 95 64 ‘ “. 34 ae 2 
9/ 5/29 4,800 7,000 9D 68 2 29 1 
11/12/29 4,000 7,000 90 64 1 Is 2 5 
12/24/31 4,800 8,800 92 60 2 4 4 
3/21/3 5,200 6,700 100 Ss 1 3 
5,500 6,600 oD 55 3 £5 37 2 1 
5,900 4,800 Ss 


5,700 


“The diagnosis is chronic lymphatic leukemia with hyperplasia of lymphoid cells 
involving both the lymph nodes and the cutaneous lymphoid tissue.” 


Course.—The patient left the hospital in 1928 and was given no treatment other 
than local applications for the dermatitis and intramuscular injections of sodium 
cacodylate. During 1929, 1930 and part of 1931 she enjoyed good health and took 
several long motor trips. The exfoliative dermatitis disappeared, and the 
swelling of the glands subsided, but there was a red, glazed appearance of the 
skin of the face. Erythematous rashes appeared from time to time on the neck 
and chest. There was also mild pruritus. The spleen was never palpable. In 
the winter of 1931 the exfoliative dermatitis reappeared and continued throughout 
1932 and 1933. Enlargement of the glands again appeared in the neck, axillae 
and groins. The exfoliation was so intense that each morning a cupful of scales 
was taken from the bed clothing. Neither injections of sodium cacodylate nor 
roentgen therapy affected the cutaneous lesions. In the spring of 1933 flat purplish- 
red tumor-like masses began to appear in the skin, first in the groins and then 
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der the breasts, in the popliteal space, about the umbilicus and in the gluteal 
ds (figs. 1, 2 and 3). They varied from the size of a nickel up to the size 

a quarter and were firm and not tender. The erythema faded on pressure. 
ie epidermis over the growths was intact, although it was thin and glazed- 
joking. The nodules increased in size and number up to the time ot death but 
d not ulcerate. 


Fig. 1—Tumor masses on posterior surface of both thighs. Note the leathery 
texture of the skin and the deepened gluteal folds. 


Fig. 2—Photograph showing typical exfoliation and a cutaneous tumor in the 
left interscapular region. 


Coincident with the appearance of the tumors in the skin, the patient had a 
bout of high temperature resembling the Pel-Ebstein type of fever (fig. 4). Her 
temperature rose as high as 106.4 F., with prostrating chills and drenching sweats, 
and would drop to subnormal within a few hours. The fever lasted ten days. 
It was accompanied by bloating and severe constipation. The white blood cell 
count remained low, and all laboratory findings during the bout of fever were 
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negative, including those from blood cultures. Three months later she aga 

showed tever, of a milder degree, which lasted until the time of her death, bh: 

this time there was an intractable diarrhea. Three weeks before her death t! 

white blood cell count was 13,500, with 42 per cent polymorphonuclears, 50. jx 

cent lymphocytes, 1 per cent eosinophils and 7 per cent lymphoblastic cells. | 

contrast to what was observed during the remission of the disease, the lymphocyti 
element had again become predominant. There were many immature cells wit 

large nuclei containing several nucleoli and a thin ring of heavily staining prot: 

plasm. These cells gave a negative reaction to peroxidase and were considered 
to be lymphoblasts. 

Three weeks before death the patient began to fail rapidly. She lost weight 
and strength and showed an icteric pallor. She became bedridden. The cutaneous 
tumors became especially prominent about the umbilicus. The spleen showed a 
tremendous enlargement. It was hard, fairly smooth and very tender. It extended 
almost down to the umbilicus. The liver was barely palpable. On October 4 
the patient complained of pain in the left hypochondrium on deep inspiratior 


Fig. 3—Tumors on the abdominal skin; a large tumor near the umbilicus. 


There was a rise in temperature with superficial tenderness of the spleen. A fric- 
tion rub was heard, and a diagnosis of perisplenitis was made. On October & 
there was extreme nausea, and purpuric spots appeared on the face and neck. On 
October 10 the patient became comatose. The respiratory rate dropped to 6 per 
minute, and the pulse was weak and thready. Death occurred on this date. 
Autopsy—The skin presented the appearance described earlier in the clinical 
record. The axillary, inguinal and cervical lymph glands were considerably 
enlarged. Many cutaneous and subcutaneous nodules could be felt; one, for 
example, measuring 2 cm. in diameter, in the right breast, was elevated to about 
5 mm. above the level of the surrounding skin. Another nodule could be felt 
to the right of and above the umbilicus. This nodule measured 7 cm. in diameter, 
and when it was sectioned it was found to be about 2 cm. in thickness and pre- 
sented a whitish, translucent surface. The skin had an icteric hue. The abdomen 
contained an excess of peritoneal fluid, greenish with flecks of fibrin. The liver 
weighed 1,675 Gm., and had a mottled yellowish color, with greenish, irregular, 
anastomosing striations separating the yellow areas. It was firm. The spleen 
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eighed 1,175 Gm. The diaphragmatic surface was adherent to the diaphragm 


fresh fibrinous adhesions. Three large anemic infarcts were present. The 


nleen was firm. On section it presented a brownish-red surface with irregular 


pale areas about 2 to 3 mm. in diameter. The kidneys were normal in size and 


macroscopic appearance. The iliac, aortic and hepatic lymph nodes were enlarged 


and discrete. No areas of necrosis or hemorrhage were seen. The cut surface 


presented a whitish, opaque appearance. The mesenteric and mediastinal nodes 


were not enlarged. The marrow of the sternum, ribs and vertebrae was reddish 


and soft. 
Histologically, the nodules in the skin (figs. 5 and 6) were composed of rather 


closely packed cells. The predominating cell resembled a large lymphocyte with 


a large nucleus rich in chromatin and with prominent nucleoli but with scanty 


cytoplasm. There was, however, great variation in the size of the nucleus and 
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Fig. 4.—Chart of temperature during an attack of fever in May 1933 coinci- 
dent with the appearance of cutaneous tumors. 


the relative amount of cytoplasm. Cells as large as 20 microns in diameter were 


frequently seen. These had large nuclei and a small amount of cytoplasm. The 


chromatin was arranged in a dense peripheral ring, and large nucleoli were present. 
Small cells resembling lymphocytes were also numerous. Eosinophils and plasma 
cells were present. Large spindle-shaped cells with vesicular nuclei, forming 


irregular nests, were also a prominent feature. The stroma was scanty. There 


was no detectable Grenz zone or free zone, such as is described for leukemia, but 
the infiltration involved all the layers of the corium and affected the papillae. The 
epidermis was greatly thinned over the papillae, while the interpapillary pegs were 
lengthened. The normal structure of the lymph nodes was extensively altered 
(figs. 7 and 8). Only occasionally could the peripheral sinus be recognized. No 
lymph follicles or secondary nodules were seen. The sections had a homogeneous 
appearance, the normal structure of the gland being replaced by a dense accumu- 
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: Fig. 5—Photomicrograph of skin over a nodule. The entire corium is involved 
a in desquamation and acanthosis. There is hyperplasia of the lymphoid tissue of 
. the papillary layer consisting of lymphocytes, lymphoblasts and occasional plasma 
cells. In some areas these cells have infiltrated into the more superficial portion 
of the skin. The “free zone” of the cutis is absent. 


Fig. 6.—A section of the skin over the edge of a nodule under high power 
magnification. 
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Fig. 7—Photomicrograph of a section of a lymph node showing a dense accu- 

mulation of lymphocytes in the medullary cords and also large endothelial cells. 


Fig. 8.—Section of a lymph node under high magnification. 
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Fig. 9.—Section of the spleen under low magnification. The section shows 


considerable fibrosis of the pulp. A malpighian corpuscle is shown at the right. 


G 
a 4%, € 
Fig. 10—Photomicrograph of tissue from spleen under high magnification. 
This section shows the dense accumulation of lymphocytes of various sizes in the 


sinuses of the spleen. 
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ition of cells having the same appearance as those described in the nodules in 
the skin. There was marked endothelial hyperplasia and an occasional large 
phagocytic cell containing red cells. Fragments of nuclei were seen. Scattered 
eosinophils were present. The malpighian corpuscles of the spleen were reduced 
to a small rim around the central artery (figs. 9 and 10). The sinuses of the 
pulp were filled with the cellular infiltrate already described for the other organs. 
Many areas of fibrosis were present. The amount of blood in the pulp varied 
considerably in different areas. Eosinophils and plasma cells were numerous. 
The liver (fig. 11) showed marked periportal fatty degeneration and infiltration 
hy round cells. The smears of marrow from the sternum and ribs showed active 
formation of red and granulocytic cells. The other organs were essentially normal. 


Fig. 11.—Section from liver showing periportal fatty degeneration and_ the 
accumulation of round cells. 


COMMENT 


In the lymphoblastomatous group of diseases two types of cutaneous 
disease are recognized: first, a nonspecific type including exfoliative 
erythroderma, generalized pruritus, lichenification, urticaria, bullous 
eruption and prurigo-like nodules, and second, the specific type of true 
nodular infiltration, which may be well localized or disseminated. It 1s 
of particular interest to recognize that these so-called nonspecific lesions 
do exist. They are of toxic origin and occur in from 15 to 40 per cent 
of cases, according to Cole. They may, as in the case reported in this 


paper, precede the formation of cutaneous nodules by months or even 


years. Chronic exfoliative dermatitis may be only a symptom of some 
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fatal underlying systemic disease, even in the absence of changes in thi 
glands or blood. Cases exemplifying this fact have been reported by 
Miller,’ and Arndt,’ Doesseker, Breitkopff, Hoffman, Bacher, Sarfeld, 
and others. Nekam in 1899 reported four cases of what he considered 
to be undoubted leukemic infiltration of the skin, but Whitfield > cast 
some doubt on this diagnosis and stated that the condition is extremely 
rare. Miller ® stated that Grosz in 1906 undoubtedly described the first 
example of a true lymphogranulomatous infiltration of the skin. Since 
then cases have been reported by Brunsgaard, Sibley, Hirshfeld, Alder- 
son, Fox and others. Miller ® stated, in a review of the literature, that 
only a few of these cases are instances of true lymphogranuloma. The 
others are simply extensions from neighboring glands or deep sub- 
cutaneous lesions. In his series of fifty-five cases, collected at the Uni- 
versity of California Hospital, only one showed true specific infiltration 
of the skin. In this case at least one third of the surface of the body 
was covered with raised, infiltrated plaques at the time of death. The 
patient was a man, aged 34, with enlarged axillary and inguinal lymph 
glands and a large spleen. His blood count was 18,000, with 65 per cent 
polymorphonuclears, 5 per cent eosinophils, 7 per cent lymphocytes and 
23 per cent large mononuclear lymphocytes. 

Rulison * reported a case of Hodgkin’s disease of the skin and 
reviewed the literature, stating that up to 1930 there had been reported 
only thirty-one accepted cases and that most of these were characterized 
by the formation of tumors in the skin. He stated that in 10 per cent 
of all cases of Hodgkin’s disease cutaneous manifestations are the first 
symptoms and are of toxic origin. His patient was a woman aged 33. 
An erythematomacular eruption without exfoliation preceded the 
adenopathy by two months. Biopsy of the skin and glands showed the 
microscopic appearance typical of Hodgkin’s disease in both specimens. 
The blood count was 11,900, with 62 per cent polymorphonuclears, 1 per 
cent eosinophils, 6 per cent large lymphocytes and 31 per cent small 
lymphocytes. 

Elsner * and Whitfield * expressed the belief that multiple cutaneous 
nodules are not uncommon in this disease. Whitfield examined material 
taken in two such cases in which late in the disease there was a slow 
formation of nodules in the skin. They flattened out the epidermis, 
producing a tense, purplish-red, discolored infiltration. They were firm, 
6. Miller, H. E.: Lymphogranulomatosis Cutis: Hodgkin’s Disease, Arch. 
Dermat. & Syph. 17:156 (Feb.) 1928. 

7. Arndt, G.: Dermat. Ztschr. 18:1139, 1911. 

8. Whitfield, A., quoted in Allbutt, T. C., and Rolleston, H. D.: A System 
of Medicine by Many Writers, New York, The Macmillan Company, 1911, vol. 
9, p. 328. 

9. Rulison, R. H.: Hodgkin’s Disease of Skin: Report of Case, Arch. 
Dermat. & Syph. 22:389 (Sept.) 1930. 
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and no yellow transparency could be observed on pressing out the blood. 
\Whitfield * stated that his description tallies closely with the cutaneous 
symptoms described in true leukemia. 

Ketron and Gay ' reported a case of universal lymphatic leukemia 
of the skin in a man aged 63. Their patient showed the nonspecitic 
type of lesion, with a typical blood count and typical lymphocytic infil- 
tration of the epidermis. This was the sixth case reported up to 1923, 
the others having been reported by Riehl,'! Linser,'? Rodler-Zipkin,'* 
Arndt * and Bernhardt.'* Bernhardt’s case was the only one in which 
there were nodules or tumors in the skin. A summary of all the cases 
reported up to 1923 is given from Ketron and Gay’s '’ article (table 2). 
To these must now be added Keim’s! case reported in 1924 and 
Schmidt's case reported in 1931. Ketron and Gay expressed the 
belief that the apparent rarity of cases reported is due in part to imsuf- 
ficient studies of the blood in cases of universal dermatitis and perhaps 
also to the fact that many of the cases reported as instances of pseudo- 
leukemia were really cases of leukemia in a stage of remission. 

According to Arndt? the typical picture in leukemia cutis is a 
lymphocytic infiltration with the large lvmphocytes and lymphoblasts 
predominating over the small lymphocytes. The circumscribed lymph- 
adenoses are almost entirely composed of small Iymphoeytes. When 
the rash is universal, numerous mitoses are found. Arndt? further 
deseribed a characteristic zone in the papillary layer which is free from 
infiltration. He stated that in large tumors there may be an absence 
of hair follicles and sebaceous and sweat glands. WKetron and Gay '" 
expressed the belief that the cellular exudate is not confined to any one 
type of lymphocytic cell but may vary according to the age of the cell 
and perhaps according to further development in the tissues. Further- 
more, it is extremely difficult to ditferentiate the cells when they are so 
closely packed together. 

In 1931 Schmidt '* reported a case of leukemia cutis in a child, aged 
2 years, who showed numerous flat, button-like lesions in the skin, 
which were freely movable, painless and the color of a bruise. She died 


10. Ketron, L. W., and Gay, L. N.: Universal Lymphatic Leukemia of Skin, 
Bull. Johns Hopkins Hosp. 34:404 (Dec.) 1923. 

11. Riehl, G.: Leukemia Cutis, Wien. klin. Wehnschr. 6:6, 1893. 

12. Linser, P.: Beitrage zur Frage der Hautveranderungen bei Pseudoleu- 
kamie, Arch. f. Dermat. u. Syph. 80:3, 1906. 

13. Rodler-Zipkin, R.: Ueber einem Fall von akuter grosszelliger lymphat- 
ischer Leukamie mit generalisierter Hauterkrankung, Virchows Arch. f. path. 
Anat. 197:135, 1909. 

14. Bernhardt, R.: Ueber die Leukamie der Haut, Arch. f. Dermat. u. Syph. 
120:17, 1914. 

15. Schmidt, F. R.: Leukemia Cutis: Report of a Case, Arch. Dermat. & 
Syph. 24:587 (Oct.) 1931. 
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within one year from the onset of symptoms. The glands, spleen and 
liver were not palpable. Nine white blood cell counts were between 
3,800 and 20,000, with an average of 9,000, and showed lymphocytosis, 
with an average of SO per cent. Many of the Ivmphoid cells in the 
smears resembled lymphoblasts. About one third of the Ivmphoid cells 
were blastomatous in type. 

Sequeira? in 1921 reported three cases under the name lympho- 
blastic erythroderma, which he described as a disease entity apart from 
mycosis fungoides and leukemia. The condition in his cases was char- 
acterized by a specific change in the blood, a leathery, red, exfoliative 
skin and, in one case, a general adenopathy. The white blood cell counts 
averaged 9,500, and the differential count showed a reversal of the 
normal Iymphocyte-neutrophil ratio. He did not believe the cases to 
he instances of true leukemia, because, as he stated, in true leukemia 
the count is higher and the relative percentage of lymphocytes is greater. 
In the light of knowledge from more recent articles, it is quite likely 
that Sequeira’s cases might well have been classified as leukemia even 
in the absence of high white blood cell counts. Furthermore. in 
Sequeira’s '® opinion most cutaneous infiltrations occur in the myeloid 
type of leukemia. Elsner, Warthin and Longeope, on the other hand, 
stated that cutaneous nodules are relatively frequent in both acute and 
chronic lymphatic leukemia. Montgomery '* also recognized dense infil- 
tration of the skin both in lymphatic and in myelogenous leukemia. 
\rndt * contended that up to 1914 myeloid leukemia with a diffuse 
universal participation of the skin with typical myeloid tissue had not 
heen observed, and certainly circumscribed involvement of the skin is 


extremely rare. Arzt'* recognized a predilection of the lymphocytic 


tumors for the nose, cheeks, evelids, lips, chin, ears, ear lobes and 
glabella, producing a facies leontina such as lepers show, although the 
tumors do occur also on the breasts, abdomen, scrotum and other parts 
of the body. Schmidt '* stated that there have been only a few reports 
in the literature of Ivmphatic leukemia in which the diagnosis of true 
leukemia cutis has been supported by histologic evidence. Keim! said 
that universal leukemia cutis with general hyperplastic proliferation 
does not occur in myeloid leukemia, and so the term refers to a uni- 
versal lymphadenosis of the skin occurring in the course of lymphatic 
leukemia. His patient showed an exfoliative dermatitis, papillomatous 

16. Sequeira, J. H., and Panton, P. N.: Lymphoblastic Erythrodermia, Brit. 
J. Dermat. 33:391 (Dec.) 1921. 

17. Montgomery, H.: Exfoliative Dermatosis and Malignant Erythroderma: 
Value and Limitations of Histopathologic Studies, Arch. Dermat. & Syph. 27:253 
(Feb.) 1933. 

18. Arzt, L.: Leukamische Erkrankungen der Haut, Wien. klin. Wehnschr. 
46:1125 (Sept. 15) 1933. 
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growths on the extremities, general adenopathy, a palpable liver an 
spleen and a blood count of 30,000, with a differential count of 28.5 
per cent polymorphonuclears, 0.5 per cent eosinophils, 56.5 per cen 
small lymphocytes, 10 per cent large lymphocytes, and 0.5 per cent 
transitionals. The count later rose to 85,000, with predominance of 
white cell which was a medium-sized lymphocyte with a small amount 
of fragile cytoplasm. In type it was about midway between the ordi 
nary large and small lymphocytes of normal blood. The diagnosis was 
supported by complete autopsy. 
CONCLUSION 

Under the grouping of lymphoblastoma cutis are included four 
diseases—leukemia, Hodgkin's disease, lymphosarcoma and mycosis 
fungoides. They may or may not be accompanied by changes in the 
blood and internal organs, but all may affect the skin by actual invasion 
of the corium. They resemble each other so closely that differentiation 
is often impossible. Generalized exfoliative dermatitis is a common 
precursor, often preceding the formation of specific cutaneous tumors 
by several vears. Complete remission may occur, but in all cases the 
disease is eventually fatal. 

A case of seven years’ duration has been described. There were 
early exfoliative dermatitis and enlargement of the lvmph glands and 
the changes of the blood typical of lymphatic leukemia. Early biopsy 
confirmed this diagnosis. The patient had a remission and later pre 
sented tumors of the skin and enlargement of the spleen. The total 
white blood cell count remained relatively low and showed the same 
types of cells originally observed. There was a widespread exfoliative 
dermatitis, the etiology of which is always obscure and which shows 
the necessity of careful hematologic and histopathologic study. .\ sur- 
vey of the literature reveals a necessarily widespread divergence of 


opinion as to the typical pictures of the various entities of this group. 
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ARRHENOBLASTOMA: A SPECIAL 
TERATOMA 


REPORT A CASE 


OF 


JAMES B. McLESTER, 
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Since Pick,’ in 1905, first deseribed a tumor of the ovary closely 


resembling the seminiferous tubules of the testis, others, usually of more 


atypical structure, have been described. These growths are made 


up of apparently masculine tissue and influence the secondary sex 


characteristics in a masculine direction; but, strangely, those with the 


least microscopic resemblance to testis show the greatest masculinizing 


effect. The tumor is mildly malignant, and direct extension occurs, 


although true metastasis has not been reported. Originally called 


adenoma testiculare ovari, it has more recently been designated 


arrhenoblastoma, from the Greek arrhen, meaning male. 


The arrhenoblastoma was thought by Mever * to arise from certain 


embryonic remains incorporated in the ovarian medulla, and he con- 


sidered the microscopic appearance of the tissue to be characteristic. 


Novak and Long* recently discussed this type of tumor together 


with the more frequent feminizing granulosa cell tumor; they found 


twenty-eight cases of arrhenoblastoma of all grades of embryonic 


differentiation reported in the literature. Only three were reported 


in the American literature, and Novak and Long reported another 


after examination of their old pathologic material. rock, his 


discussion of the paper by Novak and Long, suggested that the tumor 


might be a teratoma, consisting chiefly or entirely of testicular tissue 


rather than the more usual elements. 


[ am reporting a case in this group, with evidence that the tumor 


Was a teratoma. 


Adenome der mannlichen und wetblichen Keimdrtise be: 


Pick, 
Hermaphroditismus verus und spurius: Nebst Bemerkungen tiber das endometrium- 
ahnliche Adenom am inneren weiblichen Genitale, Berl. klin. Wehnschr. £7:502, 
1905; quoted by Novak and Long.® 

2. Meyer, Robert: Pathology ef Some Special Ovarian Tumors and Their 
Relation to Sex Characteristics, Am. J. Obst. & Gynec. 22:697, 1931. 

3. Novak, E., and Long, J. H.: Ovarian Tumors Associated with Secondary 


Ueber 


Sex Changes: Granulosa Cell Carcinoma and Arrhenoblastoma, J. A. M. A. 
101:1057 (Sept. 30) 1933. 
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REPORT OF CASE 


History and Course—Mrs. T. W. S., a 32 year old housewife, was first seen | 
Oct. 3, 1933, complaining of hoarseness, an abdominal tumor and an unusu. 
growth of body and facial hair. Her father had died of carcinoma of the stomac! 
There had been no endocrine disorder and no known developmental anomaly 


her family. 
In the past, the patient had had no significant illness. She was a_rathe 
feminine type of woman, with a rounded body and a good complexion; her voi 


Fig. 1—The figure on the left shows the patient on Oct. 18, 1933, before opera- 
tion, with profuse masculine pubic hair and flat breasts, and that on the right, 
made on May 9, 1934, six months after operation, shows the pubic hair to be of 
feminine type and the breasts fuller. The operative scar can be seen. 


was high-pitched, and the distribution of body hair was of feminine type. The 
menses began at 13 years, were rather profuse, lasted five days and recurred 
regularly every twenty-eight days. There had been seven pregnancies, the fourth 
and the sixth ending in miscarriage. After the birth of the first three children 
and after both miscarriages, the menses returned in the first month post partum. 
After the birth of the fourth child, the patient did not menstruate until the fifth 
month. 
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Aiter the birth of her last child, in March 1930, the patient menstruated but 
twice, in the fourth and sixth months post partum. She felt tired and weak, and 
she could feel a mass the size of an egg in the abdomen. There was no other 
specific complaint. In January 1932 she began to be hoarse, particularly after 
talking for a long time. The body hair gradually became heavier and darker, 
and she began to shave, occasionally at first but finally every day. The mass 
slowly increased to the size of a large grapefruit, but at no time was there 
abdominal discomfort. In the three years the patient had lost about 15 pounds 
(6.8 Kg.). There was no definite change in her libido. The amenorrhea con- 
tinued. 


Fig. 2—The figure on the left shows the patient on Oct. 18, 1933, before opera- 
tion, four days after shaving. The beard and prominent thyroid cartilage can be 
seen. The figure on the right shows the patient on May 9, 1934, six months after 
operation, ten days after shaving. The beard cannot be seen and the face is 
fuller. The thyroid cartilage is still prominent. 


Physical examination in October 1933 revealed the patient to be slight, with 
little body fat and a somewhat boyish figure. The voice was husky and change- 
able, like that of a boy at the age of puberty. The body hair was of masculine 
type, with a fairly heavy beard and coarse black hair on the arms and legs, in 
the axillae, around the nipples and on the abdomen. The area of pubic hair had 
a convex upper border and extended up to the umbilicus. The thyroid cartilage 


was unusually prominent. The breasts were flaccid and contained little fat. in 
the midline of the lower portion of the abdomen there was an irregularly spherical, 
firm, nontender mass about 15 cm. in diameter. It could be moved freely into 
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either flank without causing discomfort; when pulled into the upper portion of 
the abdomen it caused a “drawing” sensation in the suprapubic region. It could 


not be felt on pelvic examination. The uterus was in first degree retroversion 
and there seemed to be no connection between it and the abdominal mass. Th 
clitoris, measuring 3 cm. long and 1 cm. in diameter, was enlarged and erectil: 
Physical examination revealed no other abnormality. 


Fig. 3.—The figure on the left shows the patient on Oct. 18, 1933, before opera- 
tion, with profuse hair on the legs, and that on the left, made on May 9, 1934, 
six months after operation, shows no hair. 


There was moderate secondary anemia. The basal metabolism was 36 and 
41 per cent above the average on two occasions. Roentgenograms of the skull 
and chest showed no evidence of disease. 

At operation (by Dr. S. L. Ledbetter Jr.) on Oct. 19, 1933, a tumor the size 
of a large grapefruit, apparently of the right ovary, was found. Adherent to its 
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surface was a tab of omentum. The tumor was attached to the right fallopian tube 
by a small ovarian pedicle; elsewhere it was unattached. There was no evidence 
of extension other than that in the adherent omentum. On the left side were 
a nodule 8 mm. in diameter in the tube and two small masses, the larger, 4 cm. 
in diameter, connected with the ovary by a cordlike band 2 em. long. The other 
was connected to this one by a cord and also to the tube by a small cordlike 
band. The left ovary was of normal size, hard, pale and sclerotic and contained 
no visible follicles. The uterus was of normal size. The large tumor of the 
right ovary was removed with the tube and the omental attachment, and the left 
tube with the small nodule, and the two small masses were removed. The left 
ovary and the uterus were left in place. 


Fig. 4—The bisected tumor. The oviduct is suspended below. Surviving 
ovarian tissue can be seen along the lower left-hand margin of the mass. 


The postoperative course was marked by a gradual return of feminine charac- 
teristics. On about the tenth day the patient’s voice was higher-pitched, and 
talking was easier. Though it becomes husky on occasions, her voice has con- 
tinued to be better. On the twenty-ninth postoperative day a normal menstrual 


period began. Since then the menses have been on rare occasions slightly irregular 


and somewhat less profuse than formerly but otherwise normal. There was little 
change in the body hair until late in February 1934, four months after, when it 
was noticeably less heavy and was falling out in large quantities. In April, the 
sixth postoperative month, the pubic hair was of feminine distribution; hair on 
the abdomen and chest had disappeared; the amount of hair on the arms and legs 
was less, and a week after shaving the beard was scarcely noticeable. At this time 
the skin was more delicate, the face and figure were somewhat rounder and the 
breasts were fuller. The thyroid cartilage was still prominent. The clitoris had 
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become about one third its preoperative size, and the uterus was in a normal 
anterior position. The basal metabolism had fallen to normal -after remaining 
persistently in the neighborhood of 20 per cent above that figure for five months 
The right kidney was palpable for the first time. There were no symptoms refer- 
able to it. At no time has there been elevation of the pulse rate, sweating or other 
evidence ot thyroid disease. A year after operation the patient continued to 
improve, and there was no evidence of recurrence of the tumor. 

Pathologic Examination (From the Report of Dr. George S. Graham).—The 
tissue was fixed in Zenker’s fluid, Orth’s fluid and solution of formaldehyde 
Paraffin sections were stained with hematoxylin and eosin and iron and hema 
toxylin and according to Mallory’s eosin and methylene blue, phosphotungsti: 
acid and hematoxylin and aniline blue methods for staining connective tissue. 


Fig. 5—A typical low power magnification of a denser portion of the ovarian 
tumor; & 150. 


Scarlet red was applied to frozen sections and to heavily chromated material 
fixed in solution of formaldehyde (method of Ciaccio). 

The main specimen (fig. 4) was an irregularly ovoid mass, with a smooth 
opaque capsule of ovarian type. It measured 17 cm. in greatest diameter and 
weighed 930 Gm. At the broader end was an adherent fragment of omentum. 
Suspended along one side was an oviduct, free from gross lesions. A small nodu- 
lation with a furrowed surface, which on section presented the characteristics of 
ovarian tissue, projected from the mass alongside the ligament to the tube. An 
opaque white membrane outlined a cyst about 1 cm. in diameter. The remainder 
of the mass consisted of soft opaque yellow tissue with an occasional admixture 
of grayish-white tissue, occasionally translucent and moist. There were scattered 
hemorrhagic foci. Thin septums sometimes divided the mass into lobular fields. 
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eneath the omental adhesion a wide area of firm vellow necrotic tissue extended 
eeply into the mass, and there were frequent smaller areas of necrosis. At one 
lace there was a cyst 6 em. in diameter. Its lining wall was in part smooth and 
1 part covered by closely placed translucent secondary cysts. 

The tumor tissue was made up chiefly of cells of two morphologic types, one 
rounded or polygonal and the other fusiform (figs. 5, 6 and 7). Transitional 
examples suggested, however, that these were phases of a single basic cell. In the 
fusiform type the nucleus was elongated and the cytoplasm scanty. It often 
resembled a fibroblast. The polygonal cell was larger, with a sharply outlined 
cell body. The rounded nucleus contained coarse chromatin particles and a promi- 
nent nucleolus. Characteristically, the delicately reticulated cytoplasm was abun- 
dant, with a central, more compact, finely granular portion and a peripheral paier 


Fig. 6.—A high power magnification, showing the arrangement of the two cell 
types observed in the tumor and the intimate relationship of the large cell clumps 


to the plexiform sinusoidal blood vessels; 300. 


zone of attenuated or vacuolated structure. In some cells there were coarse 
granulations and irregular or elongated particles of small size, the exact nature 
of which could not be made out. Frequent inclusion bodies appeared as small 
eosin-stained, occasionally rather refractile, globules. Furthering the suggestion 
of the glandular nature of the cell was its arrangement in clumps or columns, 
outlined by a plexiform arrangement of thin-walled blood vessels. In areas of 
looser structure the polygonal cells were occasionally present alone. In more 
compact fields the peripheral cells of the columns often flattened out into a 
capsular layer of fusiform elements. Again, the fusiform cells predominated, and 
rarely they completely replaced the other type over a limited area. Sharpest con- 
trast was afforded when islands of large, coarsely granular cells were isolated 
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in the more compact areas (fig. 7). Mitotic figures were numerous but mos 
common in the fusiform cells. There were frequent necrotic areas, some of then 
hemorrhagic. In many fields, especially at the margins of necrotic foci, the tumo: 
cells were fewer and appeared as sharply outlined anastomosing columns, from on 
to several units wide, embedded in a highly vascular collagenous stroma of vary 
ing density. The columns were widely separated in some places, and the fibrillar 
stroma was often infiltrated by a fluid material containing many fine hyaline eosin 
staining droplets. The tumor cells of the columns were of the rounded type and 
varied considerably in size and cytoplasmic contents. 

There was a patchy distribution of fat throughout the tumor. It occurred 
within the cytoplasm of the tumor cells, almost always in the rounded or polygonal 
type (fig. 8). In the more compact fields there was little fat, but it became 


Fig. 7—A clump of large cells of the tumor, showing more clearly their gland- 
like structure and arrangement; & 300. 


more common in the looser areas, where in some places most of the cells were 
thickly dotted with it. The fat particles exhibited a peculiar morphologic picture. 
For the most part they appeared as a thin crescent partially outlining a vacuole 
or globule of unstained material or formed a delicate circlet, crescentically thick- 
ened in from a third to a half of its circumference, completely enclosing such a 
body. Some appeared as the usual solid globules, but this may have been due 
to the angle from which they were observed. Most of the bodies were small, and 
many of them were crowded into the cytoplasmic substance of single tumor cells, 
but occasional bodies were double or triple the average size. The larger bodies, 
like the smaller circular ones, appeared as signet-rings or hollow spheres. They 
were sometimes present within cells undergoing mitotic division. The appearance 
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as the same in a material fixed in a solution of formaldehyde, whether in frozen 
ections or in paraffin sections of chromated blocks. 

The large cyst lying within the tumor was lined by a single layer of columnar 
pithelium with mucus-producing cells (fig. 9). Typical goblet cells were present. 
he epithelium was supported on a shallow zone of loose stroma containing many 
small cysts. Their lining epithelium was sometimes mucus-producing, in some 
stances free from mucus and in occasional cases flattened. The tumor cells 
at times infiltrated the stroma between the cysts. 

The left oviduct was 7.5 cm. long and 0.8 cm. in maximum diameter. At the 
ampulla there was a serous cyst 0.2 cm. in diameter lined with ciliated columnar 
epithelium. Within the wall of the tube was a firm, yellowish-white nodule, 


Fig. 8—Tumor cells from a looser area cut by frozen section and stained with 
scarlet red and hematoxylin. The cytoplasm is crowded with refractile globular 
bodies outlined by crescentic or signet-ring fat particles that appear black in the 
photograph; 700. 


0.6 cm. in diameter (fig. 10). It consisted in a rich plexus of narrow channels 
supported in a mesh of fibrous tissue and lined usually by a single layer of flat- 
tened cells. Rarely these cells became higher or even columnar and definitely 
epithelial. The nodule filled the whole thickness of the wall of the tube on one 
side. It bulged into the tubal lumen, where at its summit the epithelium lining 
the tube appeared to be in direct’ continuity with that lining the channels of the 
tumor. There was an occasional suggestion of a similar continuity with the serosal 
cells covering the tube. The sections of the mass presented a picture typical of 
the rete testis (fig. 11). 


+~ 
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Fig. 9.—Lining membrane of the large tumor cyst. The single layer of epithe- 
lium produces short tubules lined by typical goblet cells. This section was taken 
from the margin of one of the smaller cysts. Its epithelial lining bears no resem- 
blance to that of the larger cyst and was not mucus-producing ; 160. 


Fig. 10.—The tumor of rete tissue in the oviduct wall; x 10. 
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\ttached to the outer half of the left tube by two threadlike cords was a firm, 
eravish-white hour-glass body, with a slightly furrowed surface, 4 cm. in length 
and 2.2 em. in greatest diameter. It consisted largely of extremely dense acellular 
fibrous tissue. At its surface, however, was a layer of typical ovarian stroma in 
which were occasional corpora fibrotica. At its center was a narrow cleft lined 
with a wrinkled membrane colored a slight brownish yellow by many large cells 
laden with a brown iron-containing pigment. The other mass, described in the 


Fig. 11—A high power magnification of rete tissue from the wall of the oviduct ; 
300. 


surgical report, attached to the one just described and to the ovary, was accidentally 
destroyed. 


COMMENT 

The secondary sexual characteristics of the woman, originally fem- 
inine, changed materially in the course of three vears. They went 
heyond the commoner intersexual stage to one definitely masculine. 
Then, after removal of the tumor, the feminine characteristics returned 
to a partial degree, and after one vear there has been no recurrence 
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the male characteristics. The mass wis 


ovarian in origin, as shown by its location and by the ovarian stroina 


of the tumor or return of 


found on a part of its periphery. The return of feminine charact 
istics and particularly the continued normal menstruation after t)y 
operation are indicative of a normal function of the remaining gonads] 
tissue. There was no definite clinical evidence for incriminating ay) 
of the endocrine organs other than the ovary. It seems definite, then, 
that the tumor of the ovary was responsible for the changes noted. 

The tumor consisted, probably, of testicular tissue. There was 
cord formation but no attempt at the construction of tubules or acini, 
nor was there any spermatogenesis. The chief cells were of two 
types. One was often noted in groups, with a relation to blood vessels 
suggestive of endocrine structures in general (figs. 6 and 7). This 
cell exhibited many of the structural characteristics of the testicular 
interstitial cell of Leydig, especially the peculiar distribution of fat 
(fig. 8) described by Wagner,* Whitehead and Winiwarter.® It did 
not show the pigment common in the Leydig cell noted in man or the 
crystalloids of Reinke,’ which may or may not be present in man. 
It did not suggest any other normal cell. The second type of cell was 
fusiform, suggestive of embryonic fibrous tissue, with some evidence 
of change into the former type. It may have represented the mesodermal 
tissue from which the interstitial cell is said to arise. If one accepts 
the contention that the Leydig cell elaborates the male hormone, the 
clinical course offers confirming evidence which warrants the assump- 
tion that these are testicular interstitial cells in varying degrees of 
development. The microscopic picture, on the whole, was highly sug- 
gestive of arrhenoblastoma as it has been described, and the clinical 
course was so typical that a diagnosis was made before operation. It 
seems probable, then, that the tumor from my patient falls into the 
group of arrhenoblastomas and consists chiefly of testicular inter- 
stitial cells. 

It has been suggested that the arrhenoblastoma is but a special 


form of teratoma. Ewing* mentioned teratomas consisting entirely 
of thyroid tissue but did not mention such tumors containing gonadal 


structures. Such a classification would depend on finding in the tumor 


4. Wagner, K.: Zur Zytologie der Zwischenzellen des Hodens, Anat. Anz. 
§6:559, 1922. 

5. Whitehead, R. H.: Chemical Nature of Certain Granules in the Interstitial 
Cells of the Testis, Am. J. Anat. 14:63, 1912. 

6. Winiwarter, H.: Observations cytologiques sur les cellules interstitielles 
du testicule humain, Anat. Anz. 41:309, 1912. 

7. Rasmussen, A. T.: Interstitial Cells of the Testis, in Cowdry, E. V.: 
Special Cytology, New York, Paul B. Hoeber, Inc., 1928, vol. 2, sect. 35, p. 1909. 

8. Ewing, James: Neoplastic Diseases, ed. 3, Philadelphia, W. B. Saunders 
Company, 1928. 
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tissue that does not occur in the gonad of either male or female. 
\My associates and I found such tissue; we have been able to demon- 
strate in the walls of a cyst in the tumor columnar, mucus-producing 
epithelium with typical goblet cells (fig. 9). The tissue was entirely 
quiescent and was taking no part in the active proliferation shown by 
the actual tumor cells. This structure, since it is foreign to ovary or 
testis, puts the tumor into the group of teratomas. 

With regard to the question of recurrence, the number of mitotic 
figures and the cellularity of the tumor would ordinarily stamp it as 
malignant. However, it was well encapsulated everywhere except at 
the point of omental attachment. There is good physiologic evidence 
that the cells showed activity comparable to that of normal endocrine 
tissue. The Leydig cells have been thought to be holocrine, liberating 
their hormone only on disintegration, and it might be supposed that 
the cellular division, observed chiefly in the more immature fusiform 
elements, was only such as was necessary to provide for the replace- 
ment of the functioning cells. In this case the tumor may prove, in 
fact, to be benign. 

Nothing was noted to indicate the cell type from which the tumor 
arose. Meyer* considered the ovarian medullary cords of WKolliker 
the probable origin of such a growth, but Fell traced directly to the 
germinal peritoneum masculine tissue which had changed the sexual 
characteristics of a number of hens. It is significant, too, that other 
tissues of neighboring embryonic origin have the power of elaborating 
the male hormone under special circumstances, as is seen in the virilism 
accompanying tumors of the adrenal glands. In addition, it has been 
suggested that displaced bits of fetal tissue might be the source of the 
tumor. Such fetal rests often accompany various anomalies, and my 
patient gave evidence of developmental defects in the reproductive sys- 
tem, noted in the accessory ovarian tissue present in the mass attached 
to the left oviduct. Since the small nodule in the tubal wall was micro- 
scopically typical of rete testis (fig. 11), it seems probable that undif- 
ferentiated tissue was present in this location and that the tissue, under 
the stimulus of the male hormone from the tumor, developed in a 
masculine direction. It is not unlikely, therefore, that a similar group 
of fetal cells in the ovary, growing in response to an unknown stimulus, 
might well have been the source of the patient’s tumor. 

Precedent for the development of masculine tissue in females has 


heen noted in sex reversal in lower animals, in a moth by Goldschmidt,'° 


9. Fell, H. B.: Histological Studies on the Gonads of the Fowl: I. The 
Histological Basis of Sex Reversal, Brit. J. Exper. Biol. 1:97, 1923. 

10. Goldschmidt, R.: Mechanismus und Physiologie der Geschlechtshestim- 
mung, Berlin, Gebruider Borntraeger, 1920; quoted by Crew.14 
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in fish by Essenberg,'! in frogs by Witschi!? and by Crew,'® and 
fowls by Crew '* and by a group of other workers whose rep: 
were summarized by Fell.. Crew reported that the formation of 
malignant tumor with a similar change in the sexual characteristi 
has occurred in hens, but I have been unable to find the original 
descriptions of the tumors. Greenwood and Blyth !® reported active 
feminization of a capon due to a malignant tumor similar to the 
embryonic carcinoma of the human testis. All the reports, except 
those of the malignant tumors, told of more or less complete formation 


of a testis, which in some instances was functional. 

The possible role of genetics in such phenomena is worthy of con- 
sideration. It is significant that in the cases of functional sexual 
reversal just described the ratio between the sexes in the offspring 
was such as to indicate that abnormal genetics played no part. 

In conclusion, if one accepts as the diagnostic criterion for a tera- 
toma that it contains tissue not found in the organ of origin or its 
homologs, it is proper to conclude that the ovarian tumor removed from 
my patient was of that group. Clinically the growth was identical, 
however, with the arrhenoblastomas, and pathologically it was high 
suggestive at least of the more undifferentiated types of this tumor as 
they have been described. This suggests that the previously reported 


arrhenoblastomas may have been a special type of teratoma. 


SUMMARY 


A case of an ovarian tumor that falls into the group of twenty-nine 


previously reported cases of arrhenomastoma is reported. 

The tumor consisted chiefly of testicular interstitial cells and 
embryonic mesodermal fibrous tissue but also contained tissue which 
is not found in the gonad of either sex. 

The tumor is believed to be a special form of teratoma. 


11. Essenberg, J. M.: Sex Differentiation in the Viviparous Teleost, Xiphorus 
Helleri. Biol. Bull. 45:49, 1923; quoted by Crew.!4 

12. Witschi, E.: Am. Naturalist 55:529, 1921; quoted by Crew.!!» 

13. Crew, F. A. E.: A Description of Certain Abnormalities of the Repro- 
ductive System Found in Frogs and a Suggestion as to Their Possible Signifi 
cance, Proc. Roy. Soc. Edinburgh 20:236, 1921. 

14. Crew, F. A. E.: (a) Studies in Intersexuality: II [Fowl], Proc. Roy. 
Soc., London, s.B 95:256, 1923; (b) The Genetics of Sexuality in Animals, New 
York, The Macmillan Company, 1927. 

15. Greenwood, A. W., and Blyth, J. S. S.: Reversal of the Secondary Sexual 
Characters in the Fowl: A Castrated Brown Leghorn Male Which Assumed 
Female Characters, J. Genetics 26:199 (Oct.) 1932. 
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PROLIFERATIVE ENDOPHLEBITIS 
(PHLEBOSCLEROSIS ) 


REPORT OF A_ CASE 


PAUL M. LEVIN, M.D. 
AND 
PAUL -€. BUCY, MEE 


CHICAGO 


Proliferation of the intima of the peripheral veins is a condition 
to which little attention has been directed in clinical medicine. ‘The 
reason for this is readily understood when one reads in an eminent 
and authoritative system of internal medicine * that the disease ( phlebo- 
sclerosis) produces no clinical symptoms. The few notes that appear 
in the literature deal mainly with a pathologic description of the 
lesions. 

The term “phlebosclerosis,” commonly used for this condition, sug- 
gests that the pathologic alteration in the veins is comparable to that 
seen in the arteries in arteriosclerosis. For this reason we prefer to 
call it “proliferative endophlebitis,” although the condition does not 


appear to be inflammatory. ‘Proliferative endophlebosis” would per- 


haps be more accurate, since the term is noncommital as to etiology, but 
it does net sound well. 

The purpose of this communication is to report a case in which 
there was presented a clinical syndrome of chronic partial venous obstruc- 
tion with the pathologic finding of proliferative endophlebitis. 


REPORT OF CASE 

History —Mrs. B. kK. J., aged 24, was admitted to the University of Chicago 
Clinics on July 10, 1934, referred by Dr. W. J. Corcoran. She complained that 
she had pains in the muscles of the legs on standing and that the condition was 
of more than two years’ duration. She stated that she had become pregnant for 
the first time in July 1931. Four months later she noticed a mottled discoloration 
of the feet, gradually extending to the kness. This condition appeared only when 
the legs were dependent, particularly when she stood. It was not associated with 
edema or evidence of thrombophlebitis. There was no toxemia of pregnancy. 
Labor, which occurred at term, and the postpartum period were normal. 

One month after delivery the superficial veins of the legs seemed to swell, 
and she began to have dull aching pain in both calves. The pains gradually 


From the Division of Neurology and Neurosurgery of the University of 
Chicago Clinics. 

1. Mohr, L., and Staehelin, R.: Handbuch der ineren Medizin, Berlin, 
Julius Springer, 1928. 


Presented before the Chicago Pathological Society on Feb. 11, 1935. 
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increased and extended up the medial sides of the thigh to the groins. The d 

comfort appeared when she was standing, and it was relieved when she walke:| 
or lay down. The muscles of the calves seemed firm on palpation. At about t! 

time the veins of the arms were affected similarly but to a lesser degree than those 
in the legs, with tenderness along the lateral sides of the arms, mottling of the skin 
and cyanosis of the fingers when dependent. The condition in the arms lasted on); 
a short time, but that in the lower extremities was persistent. Examinations 
always failed to reveal varicose veins. Of the forms of treatment that were given, 


A, photomicrograph of a transverse section of a vein showing marked thicken- 


ing of the subendothelial layer and absence of inflammatory reaction (hematoxylin 
and eosin; & 34); B, photomicrograph of the same section showing abundant 
reticulin network (Laidlaw’s silver impregnation; & 34). 


contrast baths seemed to lessen the stiffness of the musculature of the calves, and 
elastic stockings gave considerable symptomatic relief. 

At no time did intermittent claudication occur or attacks suggesting vascular 
spasm. Exposure to cold did not increase the symptoms; emotional stress occa 
sionally seemed to aggravate the discomfort. There was never any edema of the 
extremities. 
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Moderate leukorrhea had been present since the pregnancy, but it decreased 
slightly after cauterization of the cervix. The past and family histories were not 
significant. 


Examination.—The patient was well nourished and in excellent general health. 
The principal finding was tenderness of the superficial veins of the lower extrem- 
ities, including the saphenous veins. Some of the smaller ones, especially those 
over the lower part of the tibia, were distinctly thickened, forming visible ridges 
beneath the skin. When the patient stood the feet and legs became cool, purplish 
and mottled. She then complained that there was aching of the feet and calves; this 
was relieved by massage or walking as well as by lying down. No blanching 
appeared when the legs were elevated. Trendelenburg’s test was negative. The 
peripheral arteries were all soft and pulsated well. The pulse rate was 80 per 
minute. The blood pressure was 110 systolic and 68 diastolic in the 
brachial arteries and 140 systolic and 85 diastolic in the femoral 
arteries. Several small firm lymph nodes, not tender, were palpable in the inguinal 
regions and single ones in the axillae. Neurologic examination disclosed lively 
tendon reflexes and a bilateral Hoffmann sign but no Babinski sign; the palms 
were moist. The heart and other viscera were normal. Aside from slight leukor- 
rhea, examination of the pelvis disclosed no abnormal condition. 

Routine laboratory tests, including the Wassermann, were all negative. 

The taking of temperatures of the skin over various parts of the body showed 
that the feet were 5 C. (9 F.) cooler than the rest of the body. Warming the 
upper extremities and the trunk did not influence the temperature of the feet. 
Under local anesthesia a small segment of a thickened vein over the lower part of 
the right tibia was removed for histologic examination. Following this procedure 
both feet curiously became warmer, their temperature equaling that of the rest of 
the body. The patient stated that this was the first time in two years that the feet 
had been definitely warm. 

After discharge from the hospital, the patient wrote that the feet remained 
warm for one week. Then, one night, they became chilled, and the previous cool 
and mottled state returned. 


Description of Vein—The removed segment of a vein was narrow and white, 
and its walls were stiff. The lumen remained open. Microscopic preparations 
stained by various specific methods showed the great thickening of the wall 
(fig., 4). This was due largely to an increase in the collagen affecting particu- 
cularly the intima directly beneath the endothelium. In this region there was an 
abundant network of fine reticulin fibrils (fig., B). The intima varied considerably 
in thickness. The endothelium was for the most part normal, but in places the 
cells appeared swollen and more numerous. The other layers were less affected, 
the media showing perhaps moderate fibrosis and the adventitia little change. 
Sections stained for elastic tissue showed splitting of the intimal elastic fibers. 
There was no cellular infiltration, nor any evidence of previous thrombosis. 
Calcific or fatty change had not taken place. 


Comment.—The symptoms which this patient presented indicate interference 
with the return of blood from the lower extremities. Discomfort was present when 
the parts were dependent and inactive; elevation of the extremities or muscular 
exercise alleviated the symptoms. The veins were palpably thickened and tender; 
on histologic examination they showed fibrotic proliferative changes, especially in 
the intima. The pathologic features disclosed are similar to those reported by 
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Stahl and Zeh? with the exception that their patient showed calcification of th: 
mtima. These authors presented a thorough review of the literature. More recently 
in this country Hauswirth and Eisenberg * discussed the condition, regarding it 
as much more common than hitherto considered. In their experience the lesions 
do not cause clinical disturbance of circulatory function. 


SUMMARY 


A case of proliferative endophlebitis is presented which appears to 
be unique in that the lesions were associated with symptoms definitely 
indicative of impairment of the venous return. 


2. Stahl, R., and Zeh, F.: Ueber Sklerose der peripheren Venen, Virchows 
Arch. f. path. Anat. 242:70, 1923. 

3.-Hauswirth, L., and Eisenberg, A. A.: Disseminated Venofibrosis ( Phlebo- 
sclerosis), Arch. Path. 11:857 (June) 1931. 
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DISEASES OF THE HEART 


A REVIEW OF SOME CONTRIBUTIONS MADE DURING 1935 


GRAYBIEL, M.D. 
AND 
WHITE, 


BOSTON 


ASHTON 


PAUL D. MD. 


The number of papers relating to heart disease published during 
1935 was amazingly large. Obviously only a few can be reviewed. 
As it is, we have been insensibly led to greater length than was first 
planned. The material has been organized very simply with the view 
of better correlating the various aspects of a particular problem or 


disease. 


PHYSIOLOGY AND EXPERIMENTAL PATHOLOGY 


Some of the reports which might properly be placed under this 
heading are discussed appropriately in other sections. 


Rytand and Dock * have made an interesting study of cardiac hyper- 
trophy. Renal insufficiency was produced in one group of rats, and 
the hypertrophied hearts were compared with the hearts of rats fed 
desiccated thyroid and with the hearts of normal controls. 


The authors found that the heart of the rat made hypertensive by 
deprivation of renal tissue reacts by an increase in the weight of its left 
ventricle alone, while the cavity of the left ventricle not only does not 
dilate but is relatively small in comparison with the weight of its sur- 
rounding myocardium, In the concentric hypertrophy so induced, the 
myocardial fibers of the left ventricle are increased in width and 
decreased in length. The heart of the rat fed thyroid extract becomes 
heavier in both ventricles equally, while the dilatation of the left ven- 
tricle closely parallels hypertrophy. In the eccentric hypertrophy so 
induced the myocardial fibers do not show a significant change in width, 
but they lengthen greatly. From a consideration of cardiodynamics it 
is shown that concentric hypertrophy is the optimum compensatory 
mechanism for the hypertensive heart, which must expel a normal 
minute output against an increased peripheral resistance in the systemic 


From the Cardiac Clinic of the Massachusetts General Hospital. 


1. Rytand, David A., and Dock, W.: Experimental Concentric and Eccentric 
Cardiac Hypertrophy in Rats, Arch. Int. Med. 56:511 (Sept.) 1935. 
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circuit, while eccentric hypertrophy is the optimum compensatory mech- 
anism for the heart which must expel an increased minute output against 
presumably normal peripheral resistance. 

Evans, Grande and Hsu? have shown that the working heart, in 
contrast to skeletal muscle, shows the ability to utilize lactic acid derived 
from the blood and that the rate of such utilization is roughly propor- 
tional to the amount of work done and the concentration of lactic acid 
in the perfusing blood. It was shown furthermore * that if the heart is 
made to utilize more lactic acid by the addition of sodium lactate to the 
perfusing blood, increase of the coronary flow, decrease of heart rate 
and lowering of venous pressure can be observed. Control experiments 
were performed with sugar and sodium bicarbonate in similar concen- 
tration, but the beneficial effect was not usually observed. Bogue, Evans 
and Hsu expressed the opinion that it is therefore highly probable that 
the effect is specific to the lactate ion. They stated that in the resting 
state of the intact body the lactate content of the blood is at its basic 
level and consequently its usage by the heart is small. During strenuous 
muscular exertion, however, the lactate content of the blood is enor- 
mously increased, and at the same time the heart is required to do more 
work. It is under these conditions that the ability of the heart to utilize 
lactic acid shows its full significance. Not only does lactic acid promote 
contractility of the cardiac muscle, but, like carbon dioxide, it tends to 
slow the rate and increase the efficiency. Since the rate at which the 
lactic acid penetrates into the cardiac tissues is greater than that at which 
sugar is absorbed, lactic acid is more readily available to meet the 
increased demands for fuel by the heart. Moreover, the rate of utili- 
zation is facilitated by the property of lactic acid itself to increase the 
coronary flow. 

Harris, Jones and Aldred * have found that under resting conditions 
the lactic acid content of the blood is increased in cases of cardiac 
failure and that this increase stands in a definite relation to the degree 
of failure. The increase in lactic acid content after a standard exer- 
cise is greater the greater the degree of cardiac failure. They express 
the opinion that the accumulation of lactic acid in the blood in cases of 
heart disease is probably due to defective oxygenation but may be due 
to accumulation of carbon dioxide in the tissue of the respiratory center, 
which brings about alkalosis and an associated rise in the lactic acid 


2. Evans, C. L.; Grande, F., and Hsu, F. Y.: Glucose and Lactate Consumption 
of Dog’s Heart, Quart. J. Exper. Physiol. 24:347, 1935. 

3. Bogue, J. Y.; Evans, C. L., and Hsu, F. Y.: The Significance of Lactic 
Acid Uptake by the Mammalian Heart, J. Physiol. 84:55P, 1935. 

4. Harris, I.; Jones, E. W., and Aldred, C. N.: Blood fa and Lactic Acid in 
Different Types of Heart Disease, Quart. J. Med. 4:407, 1935. 
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content of the blood. Except in extremely severe conditions the py of 
the blood is normal in the different types of heart disease. 

Weiss and Ellis * compared the utilization of oxygen and the pro- 
duction of lactic acid in the upper and lower extremities in normal 
subjects and in patients having heart disease with and without con- 
gestive failure. During rest, the average oxygen utilization was essen- 
tially the same in the arm and in the leg, and the values were similar for 
normal persons and for patients with heart disease without congestion. 
When congestive failure was present there was an increased peripheral 
utilization of oxygen, which is evidence that the blood flow through 
the extremities was reduced. On standing, the oxygen utilization of the 
extremities increased in all groups, as a result, in part at least, of a 
decrease in blood flow; immediately after exercise the oxygen utiliza- 
tion increased markedly. The average level of the lactic acid in the 
extremities during rest was between 12 and 14 mg. per hundred cubic 
centimeters for all groups; this does not agree with the results of others, 
who found an increased concentration of the lactic acid of the blood 
in patients with severe circulatory failure. Immediately after exercise 
the lactic acid content of the blood of the femoral vein draining the 
active muscle more than doubled; it then fell rapidly during the next 
ten minutes and more slowly in the succeeding ten minutes, but it did 
not reach the level observed during rest within twenty minutes. The 
lactic acid content of the venous blood of the inactive arm rose slightly 


immediately after the exercise, but in ten minutes it was similar to that 
of the leg, as a result of the mixing effect of the circulation. With the 
increasing severity of circulatory failure, there was a tendency for 
the lactic acid content of the blood of the femoral vein to rise to a 
higher level than normal immediately after exercise and to fall more 
slowly. 

Weiss and Ellis commented on their observations as follows: 


As a result of these studies we consider that there is no evidence of a primary 
disturbance of the peripheral circulation as the precipitating factor in heart failure. 
There is evidence, however, that the peripheral circulation does not play a purely 
passive role, as was once widely believed. In normal persons, the cardiovascular 
functions can be increased efficiently and a certain amount of the load removed 
from the heart itself by peripheral vascular reflexes which tend to shunt blood 
where it is most needed and under greater pressure, particularly by increased oxygen 
utilization. The same factors, to a greater degree, tend to operate in patients 
with heart disease, with and without evidence of failure. With the aid of the 
peripheral circulation, compensation for an inadequate cardiac function may be 
achieved. 

5. Weiss, Soma, and Ellis, Laurence, B.: Oxygen Utilization and Lactic Acid 
Production in the Extremities During Rest and Exercise in Subjects with Normal 
and in Those with Diseased Cardiovascular Systems, Arch. Int. Med. 55:665 
(April) 1935, 
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ELECTROCARDIOGRAPHY 

Dale * briefly referred to the many attempts made in the past + 
correlate the ditferent phases of the electrocardiogram with other events 
in the cardiac cycle, such as the contraction process or the productio: 
of lactic acid. Since the discovery that the production of lactic acid i: 
both cardiac and skeletal muscle is abolished by poisoning with iodo- 
acetic acid, it has been possible to determine whether there is a corre- 
lation between any phase of the electrocardiogram and the formation 
of lactic acid. The frog’s ventricle perfused with thoroughly aerate: 
Ringer’s solution has been shown to derive its energy from at leas: 
two sources, of which one is carbohydrate and the other, for want o/ 
more precise knowledge of its nature, may be termed noncarbohydrate 
If oxygen is withheld from the perfusing solution, the frog’s ventricle 
derives its energy solely from carbohydrate and contracts normally pro 
vided the perfusion medium is alkaline, thus allowing the muscle t: 
excrete the lactic acid formed. On the other hand, a ventricle in which 
carbohydrate metabolism has been excluded by poisoning with iodo- 
acetic acid can contract normally provided the perfusion solution is 
thoroughly oxygenated. It is possible, therefore, by subjecting a ven- 
tricle to the appropriate conditions to cause it to derive its energy from 
normal mixed carbohydrate and noncarbohydrate, pure carbohydrate 
and pure noncarbohydrate. Experiments were carried out to determine 
whether the type of metabolism has any influence on the electrical 
response. The change from mixed metabolism to pure carbohydrate 
metabolism produced a definite though slight effect on the mechanical 
and electrical responses, diminishing the former and increasing the dura- 
tion of the latter, while the change to pure noncarbohydrate metabolism 
produced no definite effect. Dale concluded that it is possible to abolish 
the production of lactic acid in the frog’s ventricle without affecting the 
duration or form of the electrical response. 

Kountz and his co-workers* have made important and interesting 
electrocardiographic studies on revived perfused human hearts. Imme- 
diately after death the chest was opened, the pericardium incised and 
the heart perfused. In most cases the cardiac nerves were cut. Of a 


6. Dale, A. S.: The Relation Between Metabolic Processes and the Ven- 
tricular Electrogram, J. Physiol. 84:433, 1935. 

7. Kountz, W. B.; Prinzmetal, M.; Pearson, FE. F., and Koenig, K. F.: The 
Effect of Position of the Heart on the Electrocardiogram: I. The Electrocardio- 
gram in Revived Perfused Human Hearts in Normal Position, Am. Heart J. 10: 
605, 1935. Kountz, W. B.; Prinzmetal, M., and Smith, J. R.: The Effect of 
Position of the Heart on the Electrocardiogram: II. Observations upon the 
Electrocardiogram Obtained from a Dog’s Heart Placed in the Human Pericardial 
Cavity, ibid. 10:614, 1935; III. Observations upon the Electrocardiogram in the 
Monkey, ibid. 10:623, 1935. 
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total of 37 cases studied by this method, normal-appearing electro- 
cardiograms were obtained in 8, and these were further investigated. 
four general types of extrasystoles were observed. Discordant curves 
in which the initial ventricular deflection was up in lead I and down in 
lead III were obtained by stimulating the right ventricle everywhere 
except at the conus, where stimulation produced concordant extra- 
systoles in which the initial ventricular deflection was upright in all 
three leads. Discordant curves in which the initial deflection was down 
in lead I and up in lead III were obtained from the left ventricle 
except at the apex, where stimulation produced concordant extrasystoles 
in which the initial ventricular deflection was down in all three leads. 
When the right bundle branch was cut with the heart in the normal 
position, the initial ventricular deflection of the electrocardiogram was 
usually down in lead [ and up in lead IIL; when the left bundle branch 
was cut, the initial ventricular deflection of the electrocardiogram was 
up in lead I and down in lead III. Shift of the heart to the right 
caused left axis deviation (present terminology) in the electrocardio- 
gram, and shift to the left, right axis deviation. Rotation of the heart 
clockwise caused right axis deviation, while rotation counter clockwise 
caused left axis deviation. 

Observations on the electrocardiograms obtained from a dog’s heart 
placed in the human pericardial cavity and from the hearts of monkeys 
were in agreement with the observations just described. 

Th» results reported by Kountz and his co-workers confirm the cor- 
rectness of the newer terminology for bundle branch block and the 
recent opinion that what have been considered right ventricular extra- 
systoles are in reality left ventricular extrasystoles, and vice versa. 
Furthermore, the effect of shifting the heart confirms the view that 
what has been considered right axis deviation is in reality left axis 
deviation, and vice versa. 

Mahaim,*® however, on the basis of careful histologic studies on the 
bundle of His and its branches, expressed the belief that the old classic 
terminology in regard to bundle branch block is correct. 
concerning the electrocardiogram 


9 


There have been many reports ‘ 
in cases of myocardial infarction; only a few are mentioned. They 


8. Mahaim, Ivan: Nouvelles recherches sur les lésions du faisceau de His- 
Tawara. Le bloc de branche gauche et sa pathogénie. La septite mitrale, Ann. de 
méd. 38:185, 1935. 

9. Sprague, H. B., and Orgain, E. S.: Electrocardiographic Study of Cases 
of Coronary Occlusion Proved at Autopsy at the Massachusetts General Hospital, 
1914-1934, New England J. Med. 212:903, 1935. Barnes, Arlie R.: Electrocardio- 
gram in Myocardial Infarction: Review of One Hundred and Seven Clinical Cases 
and One Hundred and Eight Cases Proved at Necropsy, Arch. Int. Med. 55:457 
(March) 1935. Jervell, A.: Elektrokardiographische Befunde bei Herzinfarkt, 
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contain the latest knowledge concerning this important branch of electro- 
cardiography. 

The precordial electrocardiographic “lead” appears to have a definite 
value, although to what degree it may complement the usual three leads 
is not yet fully established. 

It seems wise to advise for routine examinations the use of a single 
chest lead, with the precordium at the cardiac apex the site of appli- 
cation for one electrode and the left leg for the other. It is well to 
label this lead as lead IV, disregarding for the present at least the com- 
plication of other chest leads, leads V to IX, inclusive. It has not 
been shown that chest leads other than lead IV are of significant prac- 
tical value. 

We agree with Roth ?° that many reports concerning lead IV “appear 
to be colored by an unwarranted enthusiasm on the subject, leading on 
the one hand to an overemphasis of the value of chest leads, and on the 
other to a tendency to underrate the significance of abnormalities in 
the standard leads.” A considerably longer time and much more work 
are needed before the full and correct evaluation of lead IV can be 
made, 

During 1935 several publications have appeared, some? of which 
may be referred to for a summary of the knowledge on lead IV to 
date, especially in regard to its value in the diagnosis of heart disease 
with involvement of the coronary arteries. 

The use of chest leads as well as limb leads has enabled Wolferth 
and Wood * to predict correctly the site of the infarct in each of their 
twenty cases of acute coronary occlusion in which autopsy was per- 
formed during the past three years. They pointed to several factors 
which may confuse the observer in attempting to locate the lesion and 


Acta med. Scandinav., supp. 68, 1935, p. 1. Johnston, F. D.; Hill, I. G. W., and 
Wilson, Frank N.: The Form of the Electrocardiogram in Experimental Myo- 
cardial Infarction: II., Am. Heart J. 10:889, 1935. Wilson, Frank N.; Hill, 
I. G. W., and Johnston, F. D.: The Form of the Electrocardiogram in Experi- 
mental Myocardial Infarction: III., ibid. 10:903, 1935. Wilson, Frank N.; John- 
ston, F. D., and Hill, I. G. W.: The Form of the Electrocardiogram in 
Experimental Myocardial Infarction: IV., ibid. 10:1025, 1935. 

10. Roth, I. R.: On the Use of Chest Leads in Clinical Electrocardiography, 
Am. Heart J. 10:798, 1935. 

11. Faulkner, James M.: The Electrocardiographic Diagnosis of Acute Car- 
diac Infarction with Special Reference to the Value of Precordial Leads, New 
England J. Med. 213:1215, 1935. Bohning, A., and Katz, L. N.: The Four Lead 
Electrocardiogram in Coronary Sclerosis: A Study of a Series of Consecutive 
Patients, Am. J. M. Sc. 189:833, 1935. Roth.1° 

12. Wolferth, C. C., and Wood, F. C.: Acute Cardiac Infarction Involving 
Anterior and Posterior Surfaces of the Left Ventricle, Arch. Int. Med. 55:77 
(July) 1935. 
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reported a group of ten cases in which there were electrocardiographic 
indications of acute lesions in both the anterior and the posterior wall 
of the left ventricle. In some cases the tracings suggested that the 
main lesion was anterior, and in others, that the main infarct was 
posterior. The most helpful signs were certain changes in the RS-T 
interval and in the QRS complex. In two of the ten cases necropsy 
was performed, revealing in each instance lesions involving part of both 
the anterior and the posterior wall of the left ventricle. 

In following the effect of the rheumatic process on the heart with 
the aid of serial electrocardiography, Levy and Bruenn ** found that the 
additional use of lead IV in certain instances revealed evidence of active 
carditis when in the usual three leads either no changes in form were 
apparent or the alterations noted were regarded as equivocal. About 
the only abnormalities noted in lead IV were variations in the form and 
amplitude of the T wave. Because of the variability of the T wave in 
lead IV, Levy and Bruenn pointed out that only changes in its form 
occurring in records taken on the same patient at different times may 
be regarded as evidence indicating alterations in the state of the myo- 
cardium. They stated, however, that such successive changes, while 
showing that the heart is affected and that the lesions are not in a 
quiescent state, are not specific indications of rheumatic fever. 

Strauss and Katz** have studied the effect of digitalis on the 
appearance of lead IV. Seven normal persons were digitalized to the 
point of toxicity, and the appearance of the four lead electrocardiograms 
after medication was compared with that of the tracings made before 
digitalization was begun. The authors also studied six patients with 
various types of cardiac lesions in whom digitalization was demonstrable 
clinically and in the three usual electrocardiographic leads. The chief 
changes observed in lead IV were in the ST segment and the T wave, 
and these were reversible when the administration of digitalis was dis- 
continued. In several instances the contour of lead IV closely resem- 
bled that seen after recent coronary occlusion, and Strauss and Katz 
emphasized the need of caution in interpreting these records. 

Among a number of electrocardiographic clinical studies,’® that of 
Schwab and Herrmann on alterations of the electrocardiogram in dis- 


13. Levy, R. L., and Bruenn, H. G.: Precordial Lead of Electrocardiogram 
(Lead IV) as an Aid in Recognition of Active Carditis in Rheumatic Fever, Am. 
Heart J. 10:881, 1935. 

14. Strauss, H., and Katz, L. N.: Effect of Digitalis on the Appearance of 
Lead IV, Am. Heart J. 10:546, 1935. 

15. Schwab, Edward H., and Herrmann, George: Alterations of the Electro- 
cardiogram in Diseases of the Pericardium, Arch. Int. Med. 55:917 (June) 1935. 
Rykert, H. E., and Hepburn, J.: Electrocardiographic Abnormalities Character- 
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ease of the pericardium is of considerable interest. They completely 
reviewed the medical literature on this subject and reported in detail 
7 cases of pericardial disease of various types, including serial electro- 
cardiographic studies. The chief electrocardiographic alterations were 
found to be a decrease in the voltage of the ORS complex, deviation of 
the RS-T segment from the iso-electric level and variations in the form 
and amplitude of the T wave. An evaluation of the electrocardiographic 
differences between pericardial disease and cardiac infarction is pre- 
sented, and the absence of significant abnormalities of the Q wave in 
cases of pericardial pathologic processes is stressed. No information 
of differential value was derived from the use of lead IV. 

New and simple methods '® of avoiding high resistance and over- 
shooting in taking standardized electrocardiograms have been described. 
The procedure involves the use of pastes which easily reduce cutaneous 
resistance below 2,000 ohms and form a nonpolarizing contact between 
the skin and the electrode. 
ROENTGENOLOGY 
Few articles concerning roentgen examination of the heart and 
aorta have been published during 1935. There is continued interest in 
kymography,’’ especially in Europe, but there have been no recent 
important contributions. 


Warfield '* wrote an interesting paper on the roentgen diagnosis of 
aneurysms of the innominate artery, stressing particularly methods 
of differential diagnosis from other tumors in the mediastinum and the 
necessity of first demonstrating the presence of aortitis. 


istic of Certain Cases of Hypertension, Am. Heart J. 10:942, 1935. Graybiel, 
Ashton, and White, Paul D.: Inversion of the T-Wave in Leads I or II of the 
Electrocardiogram in Young Individuals with Neurocirculatory Asthenia, with 
Thyrotoxicosis, in Relation to Certain Infections, and Following Paroxysmal Ven- 
tricular Tachycardia, ibid. 10:345, 1935. Aschenbrenner, R., and Bamberger, P.: 
Elektrokardiographische Untersuchungen an spasmophilen Kindern, Klin. Wehn- 
schr. 14:1494, 1935. 

16. Jenks, James L., Jr., and Graybiel, Ashton: A New and Simple Method 
of Avoiding High Resistance and Over-Shooting in Taking Standardized Electro- 
cardiograms, Am. Heart J. 10:693, 1935. Russell, H. B.: The Use of Cambridge 
Electrode Jelly, Lancet 2:1173, 1935. 

17. Kahlstorf, A., and Ohnesarge, E.: Die diagnostische Bedeutung der pulsa- 
torischen Aortenbewegungen im Flachenkymogramm, Fortschr. a. d. Geb. d. Rént- 
gentrahlen 51:22, 1935. Holst, L.; Klioner, I.; Koppelmann, S., and Speranskij, 
N.: Die Flachenkymographie des Herzens, ibid. 51:454, 1935. Klioner, I., and 
Ivanov, N.: Die normale Herzkurve und die physiologischen Veranderungen 
derselben im Flachenkymogramm, ibid. 51:469, 1935. 

18. Warfield, C. H.: Roentgen Diagnosis of Aneurysms of the Innominate 
Artery, Am. J. Roentgenol. 33:350, 1935. 
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Brown and McCarthy *® studied the abnormal conditions which 
affect the position of the esophagus. While the material presented is 
not new, it is well discussed. 

‘Parade *° called attention to 2 cases of mitral stenosis in which 
roentgen therapy was followed by auricular fibrillation. In 1 instance 
the heart was directly exposed to the rays; in the other it was not. 
Parade suggested that substances liberated in the course of the roent- 
genotherapy exert a harmful effect on the heart or its regulatory 
mechanism. The experiments of Nahum and Hoff ** may be remem- 
bered with interest in this connection. 

Udvardy ** found no uniform configuration of the heart in cases of 
emphysema, for in the various stages of this disorder the heart under- 
goes various changes. At first the size of the heart is reduced because 
the thorax is fixed in inspiration and the intrapulmonary pressure is 
raised; the entire picture, the lungs as well as the heart, are seen as 
in Valsalva’s experiment. With the progress of the disease, the right 
ventricle gradually becomes larger, and finally the entire heart enlarges 
to such a size that a “mitral configuration” is suggested, especially as 
the pulmonary are is prominent. 


AND MURMURS 


HEART SOUNDS 


A large number of papers ** have appeared on heart murmurs and 
sounds, including gallop rhythm. Nothing new of great clinical sig- 

19. Brown, S., and McCarthy, J. E.: Study of the Esophagus in Relation to 
the Heart, Aorta and Thoracic Cage, Radiology 24:131, 1935. 

20. Parade, G. W.: Herzschadigung bei Rontgenbestrahlung, Med. Klin. 31: 
1396, 1935. 

21. Nahum, L. H., and Hoff, H. E.: Auricular Fibrillation in Hyperthyroid 
Patients Produced by Acetyl-B-Methylcholine Chloride, with Observations on the 
Role of the Vagus and Some Exciting Agents in the Genesis of Auricular Fibrilla- 
tion, J. A. M. A. 105:254 (July 27) 1935. 

22. Udvardy, L.: Form- und Gréssenveranderungen des Herzens bei Erkrank- 
ungen der Lungen, Pulmonalsklerose, Fortschr. a. d. Geb. d. Réntgenstrahlen 52: 
115, 1935. 

23. Duchosal, P.: Nouvelles recherches graphiques sur le bruit de galop, Arch. 
d. mal. du coeur 28:345, 1935. Wolferth, Charles C., and Margolies, Alexander : 
Asynchronism in Contraction of the Ventricles in the So-Called Common Type of 
Bundle-Branch Block: Its Bearing on the Determination of the Side of the Sig- 
nificant Lesion and on the Mechanism of Split First and Second Heart Sound, Am. 
Heart J. 10:425, 1935; The Influence of Varying As-Vs Intervals on Split First 
Heart Sounds: Its Bearing on the Cause of Split Sounds and the Mechanism of 
the First Sound, J. Clin. Investigation 14:605, 1935. Thompson, W. P., and 
Levine, S. A.: Systolic Gallop Rhythm: Clinical Study, New England J. Med. 
213:1021, 1935. Friedlander, R. D., and Brown, M. G.: The Systolic Murmur: 
Further Observations on Its Clinical Significance, Ann. Int. Med. 8:893, 1935. 


(Footnote continued on next page) 


Bramwell, Crighton: Sounds and Murmurs Produced by Auricular Systole, Quart. 
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nificance is reported, and owing to considerations of space the papers 
are not reviewed. 
CONGENITAL HEART DISEASE 


No contribution of great importance has been presented under this 
heading, although many interesting cases have been reported. 


RHEUMATIC HEART DISEASE 


Inquiry into the cause of rheumatic fever has been given direction, 
largely, by the fact that tonsillitis or pharyngitis frequently precedes 
the rheumatic process. Naturally, organisms responsible for infections 
of the upper portion of the respiratory tract have been studied exhaus- 
tively. The rarity of the finding of bacteria in rheumatic inflammatory 
lesions, however, led to the suggestion that these lesions may be allergic. 
This supposition has gained support chiefly on histopathologic grounds 
and on the basis of the clinical fact that a “silent” or “latent” period 
intervenes, usually, between the rheumatic attack and the preceding 
infection of the respiratory tract. 

During the past few years interest has centered chiefly on the 
hemolytic streptococci, and great efforts have been made to establish 
a constant relationship between a focus of streptococcic infection and 
rheumatic fever. Cultural methods have been supplanted largely by 
the more delicate and indirect immunologic reactions. These include the 
precipitation, agglutination and complement-fixation reactions and the 
determination of antihemolysins, antistreptolysins and antifibrolysins. 
In the past year a number of reports ** have appeared concerning one 
or another of the aforementioned procedures. Although the results of 
different workers are not in agreement, evidence shows that there is often 
a relationship between the development and intensity of the immune 


J. Med. 4:139, 1935; Gallop Rhythm, ibid. 4:149, 1935. de Chatel, A.: Ver- 
dnderungen des ersten Herztones bei Ueberleitungsstérungen, Klin. Wehnschr. 14: 
1004, 1935. Bierring, Walter L.; Bone, H. C., and Lockhart, M. L.: Use of the 
Electrostethograph for Recording Heart Sounds, J. A. M. A. 104:628 (Feb. 23) 
1935. Routier, Daniel, and Van Heerswynghels, J.: A propos du bruit de galop. 
Etude phonocardiographique, Arch. d. mal. du coeur 28:629, 1935. 

24. Beck, A., and Coste, F.: Streptococcus Complement-Fixation Reaction in 
Rheumatic Diseases, Brit. J. Exper. Path. 16:20, 1935. Coburn, Alvin F., and 
Pauli, Ruth H.: Studies on the Immune Response of the Rheumatic Subject and 
Its Relationship to Activity of the Rheumatic Process: I, II and III, J. Exper. 
Med. 62:129, 137 and 159, 1935; IV, V and VI, J. Clin. Investigation 14:755, 763 
and 769, 1935. Schlesinger, B.; Signy, A. G., and Payne, W. W.: Further Studies 
on the Aetiology of Acute Rheumatism, Lancet 1:1090, 1935. Wilson, May G.; 
Wheeler, George W., and Leask, Marguerite M.: The Relation of Upper Respira- 
tory Infections to Rheumatic Fever in Children: II. Antihemolysin Titres in 
Respiratory Infections and Their Significance in Rheumatic Fever in Children, J. 
Clin. Investigation 14:333, 1935. 
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response to hemolytic streptococci and those of acute rheumatism. 
However, there are frequent exceptions to this close relationship, and 
some of these will now be considered. 

Occasional instances of reactivation of rheumatic fever by events 
other than streptococcic infection have attracted the attention of Bland 
and Jones.*® Transient and unexplained elevations of temperature, acci- 
dents, operations and various infections were found to have a relationship 
to relapses in cases of rheumatic fever similar to that of streptococcic 
infection. Especially interesting was the case of a girl with severe 
chorea and minimal rheumatic heart disease, in whom a rectal tem- 
perature of 108.9 F. developed after the third daily injection of stock 
typhoid-paratyphoid vaccine. The chorea became less severe, but reacti- 
vation of the rheumatic fever occurred two weeks later. Stimulated by 
this observation, Bland and Jones selected 10 young persons for further 
study. All were in excellent general physical condition but exhibited 
evidence, chiefly from laboratory examination, of low grade chronic 
rheumatic fever. These 10 patients received twelve intravenous injec- 
tions of 0.1 cc. of typhoid-paratyphoid vaccine, which caused a slight 
febrile reaction and chill. In 6 instances clinical and laboratory evidence 
of reactivation of rheumatic fever appeared either immediately after 
the injection or two or three weeks later. In 4 instances there was no 
evidence, and in 2 there was slight evidence, of reactivation. These 
artificially provoked recurrences were mild and led to no significant 
injury but “reproduced in a striking fashion the rheumatic manifesta- 
tions which had been previously observed in the individual patient 
during a naturally occurring recrudescence.” These observations led 
Bland and Jones to conclude that the role of infections or other episodes 
apparently related to the rheumatic process should be regarded as non- 
specific. 

That rheumatic fever may be due to a factor which becomes opera- 
tive when some predisposing event places the body in a vulnerable state 
is a commonly held supposition. Important evidence that this factor 
may be a virus has been advanced by Schlesinger, Signy, Amies and 
Barnard.?® They employed methods similar to those used successfully 
in the identification of the viruses of vaccinia and psittacosis. Pericardial 
and pleural fluids from patients dying of active rheumatic infection 
were submitted to centrifugation at high speed. The deposits, shown 


25. Bland, Edward F., and Jones, T. Duckett: Clinical Observations on the 
Events Preceding the Appearance of Rheumatic Fever, J. Clin. Investigation 14: 
633, 1935. 

26. Schlesinger, B.; Signy, A. G.; Amies, C. R., and Barnard, J. E.: Aetiology 
of Acute Rheumatism: Experimental Evidence of a Virus as the Causal Agent, 
Lancet 1:1145, 1935. 
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to be sterile by cultural methods, were examined microscopically by 
dark-field and tinctorial methods as well as according to Barnard’s 
special technic. Particles of uniform character were seen which resem- 
bled the elementary bodies observed in diseases known to be caused 
by a virus. Pericardial fluid from 7 patients was examined in this 
fashion, and elementary bodies were seen in 6 instances; fluid in which 
similar bodies were not found came from a patient with a chronic 
rheumatic infection. Elementary bodies were found in the deposit 
obtained from the pleural exudate of 1 patient with rheumatic pneu- 
monia. Control fluids failed to show these virus-like particles. 

This matter was carried a step further by showing that these ele- 
mentary bodies are specifically agglutinated by the serums of patients 
who are suffering from, and successfully resisting, an acute rheumatic 
infection. Serum of patients with quiescent rheumatism failed to 
agglutinate these bodies. 

The authors made the following suggestions: 


. the bodies found in the pericardial exudates represent the actual infective 
agent of acute rheumatism. 

The importance of streptococcal infection as a factor in the etiology of the 
disease is recognized. It is suggested that the lowered resistance produced by 
such infections enables the virus to enter the body or, if the virus is already lying 
latent in the tissues, allows it to assume active characters. 


Coles *? claimed to have seen these virus bodies in the pericardial 
exudate obtained from patients dying not only of rheumatic fever but of 
various other causes, including accidents, sepsis and malignant leukemia. 

The findings of Schlesinger and his co-workers ** are suggestive 
despite their incompleteness and are not open to facile criticism. Much 
remains to be done, and already there are attempts to reproduce rheu- 
matic fever in animals known to be susceptible to certain diseases caused 
by a virus. 

Numerous pathologic studies have emphasized the causal relation- 
ship between rheumatic fever and vascular injury. Lesions have been 
described in all orders of vessels from aorta to capillaries. For the 
greater part these lesions are not considered specific of rheumatic fever, 
although Aschoff nodules have been described as occurring in several 
parts of the vascular tree. 

The development of nodular lesions in the ascending portion of the 
aorta during rheumatic fever is well known since the work of Pappen- 
heimer and Von Glahn, Klotz and others. Gross ** has described the 


27. Coles, A. C.: Virus Bodies in the Pericardial Fluid of Rheumatic Fever, 
Lancet 2:125, 1935. 

28. Gross, L.: Lesions in Roots of Pulmonary Artery and Aorta in Rheu- 
matic Fever, Am. J. Path. 11:631, 1935. 
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lesions found in the roots of the pulmonary artery and aorta, together 
with their pericardial mantles, in 150 hearts. Sixty-six hearts were 
from patients with active rheumatic fever, 34 from patients with inac- 
tive disease and 50 from normal control persons. In all the patients 
with active rheumatic disease there was either microscopic pericarditis 
or acute exudative pericarditis in relation to the roots of the great 
vessels, which may have accounted for the high incidence of their capil- 
larization (capillarization occurred in over 70 per cent of the patients 
with inactive as well as active disease and in only 25 per cent of the 
controls). In patients with active rheumatic fever the incidence of 
inflammatory and destructive lesions in the pulmonary roots was nearly 
as high as that of lesions in the aortic roots, although scarring was more 
conspicuous in the latter. Some of the lesions were similar to those 
occurring in nonrheumatic controls owing to changes resulting from age, 
while others were more characteristic. The lower incidence of the more 
characteristic lesions in the group of patients with inactive disease indi- 
cates that healing may sometimes occur. 

Gigante,?? working in Aschoft’s laboratory, carefully studied the 
abdominal aorta and carotid arteries from 30 rheumatic and nonrheu- 
matic patients. He failed to find either Aschoff nodules or specific 
types of scarring which might have resulted from previous rheumatic 
involvement. His findings, consequently, are not in accord with those 
of Klinge, who has described specific rheumatic lesions in the abdominal 
aorta which, in his opinion, are associated with the development of 
atherosclerosis. 

Gross, Kugel and Epstein *° have described, classified and compiled 
statistics on the vascular lesions in the coronary arteries as they occur 
in cases of active and inactive rheumatic fever. Their conclusions are in 
general agreement with previous studies in this field. They emphasized 
the marked vascular damage found in the cases of active disease, which 
“may be so extensive that it would be difficult if not hazardous to ven- 
ture an opinion as to whether the vascular or primary myocardial injury 
is the more significant with regard to the life of the patient.” Vascular 
lesions in the cases of inactive disease were essentially similar to those 
found in control hearts, but their development was precocious. In the 
experience of the present authors, however, important disease of the 
coronary arteries in youth has been found rarely in association with 
evident rheumatic heart disease or with a past history of rheumatic 
infection. 


29. Gigante, D.: Ueber die Atherose und Atherosklerose der Bauchaorta, der 
Carotiden und der Sinus carotici, und ihre Beziehungen zum Rheumatismus 
specificus infectiosus, Beitr. z. path. Anat. u. z. allg. Path. 95:71, 1935. 

30. Gross, Louis, Kugel, M. A., and Epstein, F. Z.: Lesions of the Coronary 
Arteries and Their Branches in Rheumatic Fever, Am. J. Path. 11:253, 1935. 
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Auricular lesions in cases of rheumatic fever have been widely rec- 
ognized since the publication of studies by MacCallum, Thayer, Von 
Glahn and others. Gross *' has examined the left auricle in 87 rheu- 
matic hearts and classified the material into five clinical groups according 
to the stage of the disease. Of especial interest was the finding of 
macroscopic lesions in 80 per cent of the cases and of microscopic 
lesions in 100 per cent. In about 50 per cent of the cases there was 
microscopic evidence of some lesion in the pericardium overlying the 
left auricle. 

Bland, White and Jones *? have presented clinical and postmortem 
observations on a group of 100 young patients with rheumatic heart 
disease with especial regard to the development of deformity of the 
mitral valve, and the interpretation of mitral diastolic murmurs. It was 
found that a period of at least two years from the onset of rheumatic 
fever was necessary for the development of extensive valvular deformity 
either with or without stenosis. Of 47 patients who died two years or 
more after the onset of rheumatic fever, only 20 had frank mitral 
stenosis. Sixty-eight of the 100 patients had a rumbling mitral diastolic 
murmur, accompanied by a thrill in 30 instances, which led to a clinical 
diagnosis of mitral stenosis. Of these 68, only 21 had anatomic stenosis 
of the mitral orifice, 19 had gross deformity of the cusps without ste- 
nosis and the remaining 28 had either no deformity or, at most, minimal 
thickening of the free margin of the valve. Of these last 28 patients 
only 2 had aortic regurgitation to a sufficient degree to require con- 
sideration of an Austin Flint murmur. Myocardial weakness and ven- 
tricular dilatation occurring during the course of active rheumatic fever 
appeared to be responsible for the production of the mitral diastolic 
murmur in these patients. 

In a group of patients with acute rheumatic heart disease studied 
clinically, the mitral systolic and diastolic murmurs were found to dis- 
appear in a number of instances after the subsidence of the active 
infection. This clears up the mystery of such an event, the significance 
of which has been variously interpreted in the past—for example, by 
the assumption that valvular disease retrogressed or became clinically 
unrecognizable. 

De Graff and Lingg ** have studied carefully the course of rheu- 
matic heart disease in 644 fatal cases in a total of 1,633 cases coming 


31. Gross, Louis: Lesions of the Left Auricle in Rheumatic Fever, Am. J. 
Path. 11:711, 1935. 

32. Bland, Edward F.; White, Paul D., and Jones, T. Duckett: The Develop- 
ment of Mitral Stenosis in Young People with a Discussion of the Frequent Mis- 
interpretation of a Middiastolic Murmur at the Cardiac Apex, Am. Heart J. 10: 
995, 1935. 

33. De Graff, Arthur C., and Lingg, Claire: The Course of Rheumatic Heart 
Disease in Adults: I, II and III, Am. Heart J. 10:459 and 630, 1935. 
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under observation. Of these 644, 55.8 per cent were in male and 44.2 
per cent in female patients. De Graff and Lingg found that this disease 
runs its course chiefly within the first four decades. The average age 
at the initial infection was found to be 17 years; that at the first 
symptom of cardiac insufficiency, 28 years; that at the first appearance 
of heart failure,** 30 years, and that at death, 33 years. Mitral valvular 
disease was found to be more frequent in women, whereas aortic disease 
was approximately twice as frequent in men. Lesions of the tricuspid 
or the pulmonary valve were comparatively rare. Valvular disease in 
itself afforded no significant information as to prognosis, The prog- 
nosis became slightly less favorable if the pulmonary or the tricuspid 
valve was damaged. Auricular fibrillation developed in 42.8 per cent 
of the 644 cases. This arrhythmia was usually a late manifestation in 
rheumatic heart disease, and the highest incidence was found in cases 
of mitral stenosis. Auricular fibrillation per se did not determine prog- 
nosis or life expectancy. 

It is important to distinguish, however, between children who have 
a first attack of rheumatic infection involving the heart and adults with 
chronic rheumatic valvular disease because of the fact that younger 
patients usually die of the rheumatic infection itself while older patients 
generally die of the late results in the form of heart failure. 


HEART AND AORTA 


SYPHILITIC DISEASE OF THE 


Maynard and his co-workers ** have published a preliminary report 
of their investigation designed as a study of the natural history of 
syphilitic infection in relation to its effect on the cardiovascular system. 
Every syphilitic patient in the Brooklyn Hospital who consented was 
subjected to a complete cardiovascular examination. Of 346 patients 
thus examined, 145 (41.9 per cent) presented evidence of cardiovas- 
cular syphilis. This incidence is extremely high, but the criteria for 
diagnosis set by Maynard and his co-workers seem adequate. For 
example, all the patients with uncomplicated aortitis were known to have 
been syphilitic; none had suffered from rheumatic fever or arterial 
hypertension ; none was over 49 years of age or presented any evidence 
of peripheral sclerosis, and all exhibited dilatation of the aorta. 


34. Heart failure was considered to be present when symptoms of cardiac 
insufficiency were so pronounced that the patients were unable to do any work 
and had to go to bed and remain there for some time. 

35. Maynard, E. P., Jr.; Curran, J. A.; Rosen, I. T.; Williamson, C. G., and 
Lingg, Claire: Cardiovascular Syphilis: Early Diagnosis and Clinical Course 
of Aortitis in Three Hundred and Forty-Six Cases of Syphilis, Arch. Int. Med. 
55:873 (June) 1935. 
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Maynard and his co-workers divided their patients into five groups 
according to the interval between the appearance of a chancre and the 
time of the cardiovascular study. The incidence of cardiovascular 
syphilis among patients examined within the first three years was 14 
per cent; among those examined within from four to nine years it was 
28.6 per cent ; among those examined within from ten to nineteen years, 
56.8 per cent ; among those examined within from twenty to twenty-nine 
years, 77.8 per cent, and among those examined within thirty or more 
years, 88.2 per cent. The incidence of symptoms increased progressively 
in the five groups; heart failure (congestive failure ) was found to occur 
only in the patients in whom aortic insufficiency, aneurysm or involve- 
ment of a coronary artery developed. Maynard and his co-workers 
reached the important conclusion that “involvement of the aorta begins 
soon after the chancre has appeared and that, in the past, discovery of 
the presence of the disease has been delayed by the late development 
of symptoms referable to the heart and more especially by inadequate 
methods of examination.” For final confirmation of this conclusion 
more pathologic study is required. 

Padget and Moore ** have analyzed the course of the disease in 161 
patients with cardiovascular syphilis in respect to the effect of anti- 
syphilitic treatment. About one third of the patients died in less than 
a year of observation; these were considered in a separate group, as 
unamenable to the beneficial effects of antisyphilitic therapy because of 
the gravity of their disease. Of the remaining two thirds, about half 
were considered as having had adequate, and half as having received 
inadequate, treatment. The “mean potential period” of observation was 
ten years and eight months. The number of deaths due to cardiovas- 
cular syphilis was found to be 1.62 times as great in the poorly treated 
as in the well treated patients with aneurysm, 2.46 times as great in 
those with aortic insufficiency and 2.06 times as great for the whole 
group. The duration of life from the onset of symptoms for the 
patients who died was found to be 1.47 times as great in the well treated 
as in the poorly treated patients for the whole group, 1.71 times as 
great in those with aneurysm and 1.37 times as great in the patients 
with aortic insufficiency. The importance of adequate treatment in 
cases of cardiovascular syphilis requires no comment. 

Blackman *7 stated that while slight scarring along the edge of the 
mitral valve is not uncommonly found when syphilitic lesions of the 


36. Padget, P., and Moore, J. E.: Results of Treatment in Cardiovascular 
Syphilis: Report of Three Years’ Additional Observation, Am. Heart J. 10: 
1017, 1935. 

37. Blackman, S. S., Jr.: Syphilis of the Mitral Valve and Membranous Inter- 
ventricular Septum of the Heart, Bull. Johns Hopkins Hosp. 57:111, 1935. 
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aortic valve are extensive, he has found only 1 report of a marked 
syphilitic lesion of the mitral valve. He described 2 additional cases 
in detail in which lesions of the mitral valve and membranous inter- 
ventricular septum were directly continuous with syphilitic changes in 
the root of the aorta and aortic valves. Mitral lesions were suspected 
clinically in both cases in addition to aortic valvular disease. 

Norris ** found only 2 instances of syphilitic aortitis, presumably of 
congenital origin, in 14,000 autopsies performed at the Johns Hopkins 
Hospital. He pointed out that in order to prove without doubt that the 
condition in a certain case represents a congenital infection it is nec- 
essary to show that the patient’s mother unquestionably had syphilis at 
the time of the child’s birth and that the patient had other lesions of 
congenital syphilis or was known to have had a positive Wassermann 
reaction at an early age. However, in view of the great rarity of super- 
infection, it is reasonable to consider syphilitic aortitis with other mani- 
festations of a congenital infection as being congenital. One of the 
author’s cases occurred in a girl aged 9 vears and the other in a youth 
aged 17. Both patients died suddenly, and necropsy revealed syphilitic 
aortitis and narrowing or occlusion of the coronary aorta. 

Among 3,000 patients admitted to the wards of the medical service 
of the Baltimore City Hospitals there were 20, all under 46 years of 
age, suffering from marked cardiac decompensation unexplained by any 
of the usually accepted causes of heart disease.’ All had positive 
Wassermann reactions. Five of the 20 died and were examined post 
mortem, and in none was any coronary sclerosis or valvular disease 
found. Microscopically, all showed extensive scarring and round cell 
infiltration of the myocardium. There was no sclerosis of the vessels 
of the kidneys, adrenal glands or other organs to suggest the possibility 
that a previous hypertension had existed. Magill suggested the possi- 
bility of syphilitic myocarditis. 


INFECTIONS 


MISCELLANEOUS 


Some years ago the important observations were made by Lewis and 
Grant that of an unselected series of patients with subacute bacterial 
endocarditis about one fourth present a congenitally bicuspid condition 
of the aortic valves and that about one fourth of those reaching adult 
life and having bicuspid aortic valves die of active endocarditis. Lewis 
and Grant necessarily concluded that the invasion of the blood stream 
by Streptococcus viridans is a common event, which in normal persons 


38. Norris, Robert F.: Syphilitic Aortitis in Childhood and Youth: Report 
of Two Cases with Sudden Death, Bull. Johns Hopkins Hosp. 57:206, 1935. 

39. Magill, T. P.: Syphilitic Myocarditis, Bull. Johns Hopkins Hosp. 57: 
22, 1935. 
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is without evil results. Okell and Elliott *® sought to determine, by 
direct observation, the frequency with which Str. viridans enters the 
blood stream of the average person. ‘They expressed the belief that 
this organism is found chiefly in the mouth and most frequently in cases 
of infection of the gums and that it is found elsewhere only in small 
numbers and under exceptional conditions. They found a streptococcic 
bacteremia in 10.9 per cent of a group of persons with infected mouths. 
Shortly after the extraction of teeth from obviously infected mouths a 
transient streptococcic bacteremia lasting a few minutes occurred in 
three fourths of their patients. In persons without obvious disease of 
the gums, extraction of teeth was followed by a transient bacteremia 
in about one third of the patients. These observations were based on 
the examination of the blood on a single occasion, and the organisms 
isolated from the blood were usually streptococci (Str. viridans) which 
were culturally and serologically similar to strains obtained from the 
mouth. This observation points to the importance of early prophylactic 
care of the teeth and gums, particularly in children with rheumatic or 
congenital heart disease. 

Von Glahn and Pappenheimer,*! from pathologic observations on a 
series of 26 consecutive cases of subacute bacterial endocarditis, reached 
the opinion “that active rheumatic vegetations are, in persons who have 
had rheumatism, a necessary and practically constant prerequisite for 
the implantation of the bacteria.” They summarized the evidence for 
this conclusion as follows: 

1. Vegetations histologically identical with those in rheumatic endocarditis and 
not containing bacteria are found (a) on the same valve as the bacterial vegeta- 
tions, (b) on other valves on which there are no vegetations containing bacteria 
and (c) on the auricular wall. 


2. Aschoff bodies in the myocardium that are taken to indicate active rheumatic 
disease are found in practically the same proportion of cases of subacute bac- 
terial endocarditis as of uncomplicated rheumatic cardiac disease. 

3. Types of bacterial endocarditis other than that due to nonhemolytic strepto- 
cocci may be engrafted on active rheumatic vegetations. This is a cogent 
argument against the view that the two types of lesions are a response of different 
intensity to the same infective agent, unless we dispense with current views as 
to the histologic specificity of the rheumatic reaction. 


They rightly emphasized that bacterial infection of the valves is 
not always the result of implantation on unhealed rheumatic lesions. 
Furthermore, there may be added the possibility that a recrudescence 
of rheumatic fever may occur after subacute bacterial infection which 


40. Okell, C. C., and Elliott, S. D.: Bacteriaemia and Oral Sepsis with 
Special Reference to the Aetiology of Subacute Endocarditis, Lancet 2:869, 1935. 

41. Von Glahn, W. C., and Pappenheimer, A. M.: Relationship Between 
Rheumatic and Subacute Bacterial Endocarditis, Arch. Int. Med. 55:173 (Feb.) 
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was superimposed on a healed rheumatic lesion. This would equally 
well explain the association of active rheumatic carditis and subacute 
bacterial endocarditis. 

Baker *? has reviewed the subject of endocardial tuberculosis and 
added his own observations. Tuberculous endocarditis was found 6 times 
in about 900 consecutive necropsies at Duke Hospital. In 5 instances 
there were small scattered tubercles occurring on all parts of the endo- 
cardium as part of a generalized miliary infection. In one instance the 
endocardial process resulted from the extension of pericardial and myo- 
cardial tuberculosis through the cardiac wall. Baker expressed the belief 
that the tubercles probably arise by implantation via the blood stream, 
but endocardial lesions may also develop by extension from the myo- 
cardium. A critical survey of reported cases of tuberculous endo- 
carditis as a diffuse process at the line of closure of the valves reveals 
only 1 case in which the diagnosis is probably correct. The toxic 
action of a tuberculous process somewhere in the body does not result 
in sclerosis of the endocardium or healed fibrous or calcified valvular 
lesions. 

In the past three years Spink ** has observed 35 sporadic cases of 
trichinosis. Although clinical evidence of myocardial damage was present 
in only 1 case, abnormal electrocardiographic changes were noted in 6 
of the 18 cases in which this test was performed. The electrocardio- 
graphic abnormalities included changes in the T wave and low amplitude 
and abnormal duration of the QRS complex. Spink expressed the 
belief that the acute myocarditis occurring in cases of trichinosis may 
be a nonspecific inflammatory reaction due to the invasion of the myo- 
cardium by larvae. 


THE HEART IN THYROID DISEASE 


Nahum and Hoff ** injected 50 mg. of acetyl-8-methylcholine chlo- 
ride into a patient with hyperthyroidism suffering from auricular flutter 
with 2:1 block. Gradually the block increased to 4: 1 and then to 5:1, 
and soon auricular fibrillation supervened. An hour and a half later, 
when the effect of the injection could be expected to have worn off, a 
normal slow supraventricular rhythm spontaneously reappeared. 

Stimulated by this interesting observation, Nahum and Hoff sought 
to discover whether acetyl-8-methylcholine chloride might play a similar 
role in converting the normal heart mechanism in patients with hyper- 
thyroidism into auricular fibrillation. Accordingly 5 patients with 
normal cardiac rhythm were given 0.75 mg. of the drug per kilogram 
of body weight, and continuous electrocardiograms were made. In 4 
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patients definitely suffering from hyperthyroidism short periods of 

auricular fibrillation appeared, but this was not observed in 1 patient 
with doubtful hyperthyroidism, The normal cardiac mechanism reap- 
peared from five to twenty minutes later. Since the acetylcholine 
derivative reproduces the same effects on the pacemaker and auricle of 
the heart as stimulation of the vagus nerves, Nahum and Hoff concluded 
that one factor in the spontaneous production of auricular fibrillation 
is the action of the vagus nerves on the heart. However, the failure to 
produce auricular fibrillation in normal persons with the same or even 
with larger doses of the drug makes it seem obvious that thyroxine is 
an additional factor which acts with the vagus nerve. The widespread 
occurrence of auricular fibrillation in persons not suffering from hyper- 
thyroidism indicates that agents other than thyroxine may operate with 
the vagus factor to induce and maintain this disorder. The authors 
found that in cats electric shock may produce auricular fibrillation when 
acting with the vagus factor. It is suggested that in cases of mitral 
stenosis stretching or inflammation of the auricle, in cases of hyper- 
tension vagal overactivity and in cases of congestive failure distention 
of the auricle may be a significant factor. 

On the basis of their own studies and of those reported by other 
investigators, Boothby and Rynearson ** showed that the increase in the 
circulatory rate in patients with exophthalmic goiter who are not treated 
with iodine is much greater than that which occurs in normal persons 
as the result of an increase in oxygen consumption due to work. The 
same is true in lesser degree for patients receiving iodine treatment. 
These facts suggest to the authors the hypothesis that in persons with 
exophthalmic goiter there is a peculiar circulatory stimulant which 
causes a greater increase of the circulatory rate than occurs in a normal 
subject as a result of a corresponding increase in oxygen consumption. 
After effective iodine medication this stimulant is decreased in amount, 
or its effectiveness is lessened. 

There have been a number of interesting clinical reports *° concerning 
various phases of the relationship between the heart and thyroid disease ; 
a few are mentioned by title. 
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_ 
& 
= 
ag 
ae 
: 


GRAYBIEL-WHITE—DISEASES OF HEART 


PERICARDIAL DISEASE 


Chronic constrictive pericarditis, commonly called Pick’s disease, 
may be cured by surgical means. This fact has stimulated much interest 
in the disease,*° and the comprehensive clinical report by White ** may 


be profitably reviewed. 
He defined chronic constrictive pericarditis as a 


chronic fibrous or callous thickening of the wall of the pericardial sac which is 
so contracted that the normal diastolic filling of the heart is prevented. A con- 
dition called “inflow stasis” results. There may or may not be calcification of the 
pericardium, obliteration of the pericardial cavity, or important external peri- 
cardial adhesions. There may or may not be an associated accumulation of 
pericardial fluid in small amounts, as in pockets. The parietal pericardium may 
be preponderantly affected or the epicardium also seriously involved; or both 
pericardial membranes may be securely or even inseparably united. One section 
of the pericardium, as over the cardiac apex, may remain relatively free and 
but slightly thickened, while the other part, as over the right auricle and great 
veins, is markedly contracted; or the entire heart and roots of the great vessels 
may be encased uniformly in a tightly fitting envelope. There may or may not 
be an acute or chronic polyserositis, which is, contrary to a common belief, a 
different thing. There may or may not be frosted liver or spleen. There may or 
may not be heart disease itselfi—. . . the association of chronic constrictive 
pericarditis, of any important degree at least, with heart disease is very rare 

From a study of 15 cases, which are reported in detail, it is empha- 
sized that in diagnosis 


one should take into consideration not only individual signs alone but the 
entire clinical picture and history of the case. The leading clues are the result 
of “inflow stasis,” namely (1) the insidious onset of dropsy in a young person, 
(2) preponderant liver enlargement and ascites, (3) increased prominence of the 
jugular veins, (4) normal or relatively normal heart in the presence of dropsy 
without nephritis, and (5) low blood and pulse pressure and paradoxical pulse. 
Other important clues are (6) X-ray evidence (poor pulsation, calcification, chronic 
pleuritis), (7) electrocardiographic abnormalities (iow voltage or “coronary” T 
waves in chronic disease in early youth), and (8) a previous history of acute 
pericarditis or polyserositis. 

Chronic constrictive pericarditis has been confused with four other conditions, 
but with ordinary care and thought such errors of diagnosis should not arise. 
The four conditions are mitral stenosis, polyserositis (including instances of peri- 
hepatitis or frosted or iced liver—Zuckergussleber), primary cirrhosis of the liver, 
and nutritional oedema. Two other conditions—namely, tricuspid stenosis and 
mediastinal tumors—may also cause some of the same signs. 

The prognosis of cases with chronic constrictive pericarditis for good health 
is poor unless suitable for, and submitted to operation, although mild or only 


46. Burwell, C. S., and Flickinger, D.: Obstructing Pericarditis: Effect of 
Resection of the Pericardium on the Circulation of a Patient with Concretio 
Cordis, Arch. Int. Med. 56:250 (Aug.) 1935. Winkelbauer, A., and Schur, M.: 
Surgical Therapy of Adherent Pericarditis, Med. Klin. 31:1269, 1935. Beck, 
C. S.: Two Cardiac Compression Triads, J. A. M. A. 104:714 (March 2) 1935. 
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moderately severe cases may live for many years a semi-invalid requiring much 
rest and frequent or occasional abdominal paracenteses. 

Cure is now possible by surgery and an imposing number of successful cases 
of pericardial resection (by the Delorme operation, and not by that proposed by 
Brauer) is being accumulated. In our own clinic twelve cases have had this 
operation performed, ten by one surgeon; of these latter ten cases, six have been 
completely cured and one other relieved to a high degree. The first successful 
case in America, operated on seven years ago in 1928, belongs to this group; 
this patient, a young woman, is in excellent health to-day, as are the other five 
cases of complete cure. 


Nothing of especial importance or interest has been published on 
acute pericarditis. 


CARDIAC TRAUMA 


Bright and Beck ** have made an interesting and important study 
of wounds of the heart produced by contusive or compressive forces. 
They expressed the belief that the thoracic cage by no means perfectly 
protects the heart and that this organ is the recipient of many injuries, 
which are rarely recognized. The heart, lying against the sternum, is 
vulnerable to any sudden impact over the sternum and, buttressed 
against the bodies of the thoracic vertebrae posteriorly, is vulnerable 
to compression forces applied to the chest. 

They have comprehensively reviewed and analyzed the medical 
literature pertaining to nonpenetrating cardiac wounds and classified 
the various ways in which such wounds may be produced. 


I. A direct blow over the precordium producing fracture of sternum or ribs, 
the broken ends of which are driven into the heart 


II. Contusion or compression of the heart between the sternum anteriorly 
and the vertebrae posteriorly 


III. The application of indirect forces, such as by the sudden compression of 
the legs and abdomen 


IV. Laceration of the thoracic viscera, such as may be sustained in a fall 
from a high building 


V. Concussion of the heart 


In the analysis of 175 cases they found that when the heart receives 
a contusion the result may be: (1) rupture of the heart (152 instances) ; 
(2) myocardial failure without rupture (11 instances), or (3) recovery 
(12 instances). It is pointed out that these proportions do not repre- 
sent the correct relative incidence of these three types of sequelae to 
contusion because many patients recover without the correct diagnosis 
having been made. In a consideration of the 152 cases of rupture of 
the heart, it was found that the four cardiac chambers seem to be 
equally vulnerable. The right auricle was ruptured in 36 cases, the left 


48. Bright, E. F., and Beck, C. S.: Nonpenetrating Wounds of the Heart: 
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auricle in 30, the right ventricle in 31 and the left ventricle in 37. 
More than one chamber was ruptured in 13 cases. The chief clinical 
manifestations were those of sudden collapse. Some patients com- 
plained of precordial pain, or the pain was referred to the heart, to 
the left side or to the shoulder. The pulse was either slow or rapid, 
but as the pressure in the pericardial cavity increased, the pulse became 
feeble. Vomiting and headache sometimes occurred. In some patients 
restlessness, anxiety and air hunger developed. The cardiac sounds 
became distant and even inaudible. As the blood pressure fell, the skin 
became cold and blanched, and finally unconsciousness supervened. 

In the majority of patients in this group death was due to hemo- 
cardiac tamponade. In the group of 152 patients death occurred imme- 
diately after the accident in 47; 42 survived for a period the length 
of which was not mentioned, but the interval was undoubtedly short. 
Only a few patients survived more than two weeks, and these died 
within two months. 

In regard to treatment, the authors expressed the opinion that in 
the group of 152 cases there were 30 in which it seemed that operation 
offered some chance of success. The operative treatment is discussed. 

In order to study better the effect of contusions on the heart, Bright 
and Beck performed a series of 25 experiments on dogs by exposing 
the heart and applying contusive injuries to the myocardium. When the 
right or left ventricle was struck a number of blows, the heart rate 
became rapid, the myocardium became swollen from hemorrhage, usually 
there was some dilatation and not infrequently a hemorrhagic effusion 
developed. The electrocardiogram showed changes similar to those 
abserved in disease of the coronary arteries. Although it appeared 
as if softening and rupture would surely follow, death occurred in 
only 5 instances. The cause of death was rupture in 1 instance, 
ventricular fibrillation in 2 and myocardial failure in 2. 

On the basis of their experimental study the authors concluded 
that the heart can tolerate a great amount of trauma and that rupture 
is a rare complication. They expressed the belief that the vast majority 
of nonpenetrating wounds of the heart are not recognized clinically. 
The patients recover, and as the correct clinical diagnosis is not usually 
made their cases do not find the way into medical reports. 


PULMONARY DISEASE AND THE HEART 


Brenner *° has written a comprehensive treatise on the pathology 
of the vessels of the pulmonary circulation based on a study of the 


49. Brenner, O.: Pathology of the Vessels of the Pulmonary Circulation: 
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results of 100 consecutive unselected autopsies; the paper is one which 
any person especially interested in this field may profitably read. 
The immediate effect of a high degree of occlusion of the pulmonary 
artery on the heart results in a condition which McGinn and White © 
have termed “acute ¢or pulmonale.” Nine cases of the condition, in 
which it resulted from pulmonary embolism, are reviewed in detail 
and summarized as follows: 


2... . The symptoms and signs of extensive pulmonary embolism are varia- 
ble, but predominating at first are those of shock—namely, collapse, pallor, sweating, 
apprehension, and a fall in blood pressure—to be followed by reaction to the 
infarction itself—namely, fever and elevation of the pulse and respiratory rates. 
In none of our cases did we find acute chest pain in the absence of pleural involve- 
ment, but most of the patients complained of substernal oppression and _ suffoca- 
tion. Respiratory distress was marked in all cases. 

3. If the state of shock from extensive pulmonary embolism is not too great, 
or after it has largely cleared, there may be found signs indicative of the sec- 
ondary effect of the pulmonary embolism on the heart itself: that is, the acute 
cor pulmonale (dilatation of the right chambers) attended by pulmonary artery 
dilatation. Auscultation in our cases frequently showed accentuation of the pul- 
monary second sound, gallop rhythm heard best in and just below the pulmonary 
valve region, and in two cases a “pericardial” friction rub with maximal intensity 
in the region of the second, third and fourth interspaces. Cyanosis and engorge- 
ment of the neck veins were common manifestations at some time during the 
attack. These changes remained for only a short period in some cases. Pleural 
friction rubs were heard frequently. 

4. Electrocardiograms taken soon after the occurrence of the pulmonary embo- 
lism showed similar changes in five of our patients, and in two others taken some 
time after the attack they had some of the characteristics, although they were less 
definite. The changes that appear significant are the presence of a Q wave and 
late inversion of the T wave in lead 3, the rather low origin of the T wave with 
a gradual staircase ascent of the ST interval in lead 2, a prominent S wave and 
a slightly low origin of the T wave in lead 1, and an upright T wave (with 
inverted P and QRS waves) in lead 4. In none of our cases was left axis deviation 
present at any time of the acute episode, whereas the tracings of two patients 
showed definite right axis deviation. 

Electrocardiograms of two patients taken after recovery showed a complete 
disappearance of the changes already mentioned, and in a third patient there was 
almost a complete disappearance of abnormalities in a record taken forty-eight 
hours after the attack and twenty-seven hours after the first electrocardiogram. 
All three of these cases showed a change in the axis deviation; one had a pro- 
longed PR interval, and in one case in lead 4 the T wave was reverting to normal 
(inverted). Our follow-up studies indicate that the electrocardiographic changes 
are temporary and may disappear within forty-eight hours after the attack of 
pulmonary embolism. 

5. It is probable that the changes observed clinically and the electrocardio- 
graphic variations in cases showing the acute cor pulmonale consequent on pul- 
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monary embolism are due in large part to dilatation and partial failure of the 
chambers of the right side of the heart. 


Air embolism °' is an uncommon but extremely interesting disorder. 
Different mechanisms have been suggested as being responsible for 
death, namely, cerebral or coronary air embolism of suttocation from 
obstruction of the pulmonary artery. If air is injected into a systemic 
vein, it collects in the pulmonary artery and its branches and does not 
accumulate in the heart or elsewhere until the volume injected exceeds 
the volume of the pulmonary artery and its branches. Consequently 
large amounts are well tolerated before suffocation occurs. However, 
as little as 1 ce. of air introduced into one of the pulmonary veins 
may cause fatal coronary or cerebral embolism. It is only natural, 


therefore, that surgeons who operate on the chest and those employing 
pneumothorax therapy encounter this complication more frequently 
than others. The clinical picture of coronary air embolism is variable, 
but it is usually that of severe shock. The electrocardiogram may show 


changes similar to those seen in cases of coronary infarction. 


SYNCOPE 


Weiss *° has written an excellent authoritative account of syncope 
and related syndromes. The various types of syncope are separated 


according to the underlying physiologic mechanism so far as that is 
possible. Incidence, pathogenesis, clinical manifestations and treatment 


of the several types are considered. 

Ferris, Capps and Weiss ** have sought to clarify the mechanism 
involved in the so-called “cerebral type” of syncope due to involvement 
of the carotid sinus. This form of syncope occurs spontaneously and 
can be reproduced in susceptible persons ; it results not from bradycardia 


or a fall in blood pressure but apparently from some reflex action on the 
central nervous system. Extensive studies on 32 patients permitted the 
authors to reach important conclusions. Of particular interest in this 
connection is the fact that digitalis has been found to have a sensitizing 
effect not only on the usual carotid sinus reflex but also on the carotid 
sinus cerebral reflex. The authors expressed the belief that this possi- 
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bility must be kept in mind when digitalizing elderly patients, as it 
may cause not only powerful cardiac inhibition but also vasomotor 
depression. 

ARTERIAL HYPERTENSION 


The interdependence between renal function in its widest meaning 
and arterial hypertension is being studied by several groups of investi- 
gators in different countries. The published results are extremely dis- 
cordant but are of great interest because of the importance of the 
problem. Many workers, especially in America and in England, have 
been busy merely disproving the claims and theories of other investi- 
gators. 

It has been shown that arterial hypertension can be experimentally 
produced by various procedures which injure the kidney, such as 
destroying or removing a considerable portion of the renal tissue or 
reducing the blood flow by compression of the renal artery. It has been 
suggested that the hypertension so produced may be due to failure in 
the excretion of certain pressor substances in the blood, to interference 
with the elaboration of certain pressor or depressor “hormones” or to 
reflex action on the vasomotor center. 

It has been claimed, furthermore, that experimental hypertension 
brought on by the injection of kaolin into the cisterna magna or by 
denervating the carotid sinus and ‘cutting the depressor nerves is 
dependent on the intact nerve supply to the kidneys. Thus in dogs 
in which the blood pressure is raised as a result of injection of kaolin 
the pressure is said to fall if one kidney is denervated but to rise 
again if the denervated kidney is removed. 

Braun and Samet ** presented protocols of experiments on dogs 
whereby increased arterial blood pressure was produced either by 
injection of kaolin or by cutting depressor nerves. The hypertension 
was quickly abolished after denervation of one or both kidneys, whereas 
the denervation of other vascular areas was without effect. Also, pre- 
liminary denervation of the kidneys prevented any rise in blood pressure. 

Pick *® produced experimental hypertension in dogs by injecting 
kaolin into the cisterna magna and then found that 20 cc. of blood 
from one of these animals injected into a normal dog raised its blood 
pressure for several days. However, this rise of blood pressure in the 
second dog could be abolished by injecting 20 cc. of blood from a dog 
after the kidneys had been denervated. Pick expressed his intention 
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to investigate further the mechanism involved, including the possibility 
of depressor hormones being elaborated by a denervated kidney. 

Page © has investigated the suggestion that elevation of blood 
pressure associated with either inflammatory or vascular disease of the 
kidneys may be due to nervous impulses originating in the kidneys and 
conducted by way of the extrinsic renal nerves to the vasomotor centers. 
He found that the hypertension produced in dogs by constricting the 
renal arteries or by irradiating the kidneys was not affected by pre- 
liminary stripping of the renal pedicle of its extrinsic nerve supply. 
He concluded that these nerves do not appear to participate in the 
genesis of renal hypertension, at least of these types. Hypertension 
produced by constriction of the renal arteries did not cause significant 
changes in renal efficiency. 

Acting on the supposition that the unknown cause of essential hyper- 
tension may lie in nervous impulses from the kidney, Page and Heuer ** 
performed bilateral denervation of the kidney on a patient with essential 
hypertension uncomplicated by detectable renal involvement. No change 
in the level of arterial blood pressure resulted, and consequently there 
was no support for the hypothesis underlying the procedure. No ill 
effects, either renal or extrarenal, were observed after the denervation. 

The hypothesis of Volhard that hypertension of renal origin is 
caused by pressor substances circulating in the blood has received 
apparent experimental support from workers in his laboratory and 


elsewhere. The evidence on which this hypothesis rests has naturally 
been subjected to critical repetition by many investigators, and during 
the past year careful studies have been reported,®* which have in com- 
inon the conclusion that there is no increase in pressor substances in 
the blood of patients with hypertension of any type. 


This whole problem of essential hypertension and hypertension in 
relation to renal disease is still unsettled. New theories are advanced 
faster than old ones can be disproved. The recent experimental studies 
are extremely interesting, and it is of the greatest significance that 
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permanent arterial hypertension, obviously of renal origin, can be pro- 
duced in dogs without there being significant evidence of renal 
insufficiency. 

CORONARY ARTERIOSCLEROSIS 

For nearly thirty years it has been known that the feeding of 
cholesterol or of foods rich in cholesterol results in the development 
of widespread lesions of the arteries in rabbits. The similarity between 
these lesions and the lesions typical of human arteriosclerosis stimulated 
immensely the study of experimental arteriosclerosis caused by cholesterol, 
and the results of this study have been applied directly to man by 
many investigators. Duff *® has critically examined the entire problem 
with the purpose of determining what facts have been established and 
of evaluating their importance as applied to the solution of problems oi 
arteriosclerosis in man. It is distinctly worth while to review his paper 
in some detail. 

When rabbits have been given cholesterol for some time, lesions 
of the arteries appear. The first lesions appear in the arch of the aorta 
about the mouths of the vessels arising from it or just above the aortic 
valve ring. Lesions appear later in other portions of the aorta and its 
larger branches, and finally the smaller branches may show nodular 
lesions. The coronary arteries are often attacked. The nature of the 
lesions seems to be essentially the same wherever they occur. The 
first visible alteration is a swelling of the ground substance, which is 
normally a thin layer separating the lining endothelium from the internal 
elastic lamina. Here the deposition of lipoids may become abundant, 
and it seems probable that they consist chiefly of cholesterol and its 
esters. These deposits stir into activity numerous macrophages, which 
are attracted to the site and which then engulf a large part of the lipoid 
material. With the development of the lesions, necrotic areas appear, 
and there is extensive fibroblastic proliferation. Medial lesions occur and 
may be independent of intimal lesions, although they are commonly 
associated with them. After the administration of cholesterol is dis- 
continued, the arterial lesions are found to persist to the end of the 
longest experiments, but they show evidence of transition toward a 
more fibrous type. 

The method of cholesterol feeding has been applied to a variety 
of experimental animals other than rabbits. Although arterial lesions 
have been produced with difficulty in guinea-pigs, there has been no 
convincing demonstration of a similar effect in any other animal. Inten- 
sive and prolonged feeding of cholesterol does not affect in any way the 
arteries of cats, dogs, foxes or monkeys. It is interesting to consider 


59. Duff, G. Lyman: Experimental Cholesterol Arteriosclerosis and Its Rela- 
tionship to Human Arteriosclerosis, Arch. Path. 20:81 (July); 259 (Aug.) 1935. 


* 


GRAY BIEL-WHITE—DISEASES OF HEART 819 


further various factors influencing the development of cholesterol-in- 
duced arteriosclerosis in the rabbit. 

Whereas the continued feeding of cholesterol is incapable of pro- 
ducing any striking sustained rise in the cholesterol content of the blood 
in animals such as dogs, in rabbits, on the contrary, the cholesterol 
content of the blood is raised to many times the normal value. This 


is probably because the mechanism for handling exogenous cholesterol 


is amply sufficient in animals such as dogs, whereas it is deficient in 
rabbits. 

Certain facts, however, have suggested that some factor in addition 
to cholesterol feeding with resulting hypercholesteremia is necessary or 
important to the development of the arterial lesions. Hypercholesteremia, 
for example, may develop in the rabbit without producing any changes 
in the arteries within the usual experimental period. Furthermore, the 
patchy distribution of the lesions when they are produced suggests 
some preceding local condition in the involved areas which favors the 
precipitation of lipoids. 

The question of the possible influence of rises in blood pressure 
has been considered, but there is no satisfactory evidence to show that 
an increase in blood pressure can affect the progress of the arterial 
lesions. 

Of especial interest is the fact that extirpation of the thyroid gland 
has been found to facilitate the development of the lesions without 
significantly affecting the curve for cholesterol content of the blood. 
The feeding of thyroid extract in conjunction with cholesterol retards 
the progress of the lesions, but in animals receiving that mixed 
regimen the resulting hypercholesteremia is much less extreme than 
that which occurs in control animals fed cholesterol alone. It has been 
iurther shown that large doses of organic iodine compounds or of 
potassium iodide retard or even prevent the development of experimental 
cholesterol-induced arteriosclerosis in rabbits, owing apparently to the 
fact that the administration of the iodine greatly diminishes the hyper- 
cholesteremia, although this explanation is not accepted by all observers." 
The possibility that the iodine compounds act through an influence 
on thyroid activity has been shown to be the case, for the prophylactic 
effect is abolished by thyroidectomy. It has been shown recently * that 
iodine has no influence on the involution of vascular lesions previously 
produced by the feeding of cholesterol. 


60. Page, I. H., and Bernhard, W. G.: Cholesterol-Induced Atherosclerosis : 
Its Prevention in Rabbits by the Feeding of an Organic Iodine Compound, Arch. 
Path. 19:530 (April) 1935. 

61. Meeker, D. R.; Kesten, H. D., and Jobling, J. W.: Effect of Iodine on 
Cholesterol-Induced Atherosclerosis, Arch. Path. 20:337 (Sept.) 1935. 
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Various noxious agents which have in common the ability to injure 
the arterial walls have been shown to facilitate the development of 
arterial lesions ; among those tested have been mechanical injury, nicotine, 
epinephrine, viosterol and bacteria. 

It may be safely concluded that in rabbits hypercholesteremia is a 
necessary prerequisite for the formation of lipoid deposits in the arterial 
walls, but in addition some unknown factor inherent in the experimental 
procedure produces an injury to the walls of the arteries. This injury 
is responsible for the local histologic changes which precede the appear- 
ance of lipoid deposits and is essential for their deposition. 

Of chief concern are the significance of the aforementioned experi- 
mental data in regard to the etiology of human arteriosclerosis. Certain 
important differences between man and the rabbit in this connection 
may be pointed out. 

Although the anatomic lesions, especially the intimal lesions, of 
experimental arteriosclerosis are similar to those of the disease in man, 
important differences are noted, especially in regard to the distribution 
of lesions, and the medial sclerosis which may be a feature in the early 
stages of the disease in rabbits. These and other differences between 
the two types of lesions require caution against the hasty conclusion 
that their etiology is identical or that etiologic factors which may be 
common to them must operate with equal intensity in the two instances. 

Three main factors seem implicated in the production of the lesions 
in rabbits, namely, the cholesterol-rich diet, hypercholesteremia and the 
occurrence of injury to the arteries. Certain differences between the 
rabbit and man indicate that these factors do not operate in man in 
exactly the same way as in the rabbit. 

The rabbit is a herbivorous animal, and vegetable diets are cholesterol- 
poor; man, on the contrary, is omnivorous, and varying quantities of 
cholesterol are contained in his normal diet. The rabbit execretes 
exogenous cholesterol with difficulty, and hypercholesteremia can be 
easily produced; in the case of man, however, large quantities of 
cholesterol in the diet have only a relatively slight and temporary effect 
on the level of cholesterol in the blood, owing to the ease with which 
cholesterol is excreted. The normal cholesterol content of human blood 
is approximately twice as great as that of rabbit’s blood, and spontaneous 
arterial lesions are characterized in man by accumulations of lipoids, 
while in the rabbit no such accumulations occur. Elevation of the normal 
cholesterol level of the blood is necessary to the development of the 
fatty arterial lesions in rabbits, whereas in man hypercholesteremia is 
not found with any regularity in association with arteriosclerosis. 

The occurrence of preliminary local alterations in the walls of human 
arteries before the formation of lipoid deposits may be regarded as 
an established fact, and this is likewise an essential factor in the develop- 


mine 

= 
2 

‘ 


GRAY BIEL-WHITE—DISEASES OF HEART 821 


ment of the experimental lesion in the rabbit. Thus, with respect to 


the primary local changes in the arterial walls, experimental cholesterol- 


induced arteriosclerosis in the rabbit may well be compared with 
arteriosclerosis in man. Many of the experimental measures which 
have been employed for the production of injury to the arteries of rabbits 
seem to have no direct significance as applied to man, owing to the 
fact that the arteries of rabbits are extraordinarily susceptible to injury, 
but this does not detract from the general conclusion that the local 
alterations leading to lipoid deposition are the result of some sort of 
injury. 

Dutf concluded that experiments on cholesterol feeding provide no 
valid reason for believing that a disturbance of cholesterol metabolism 
plays any part in the etiology of human arteriosclerosis. The cause of 
the arterial injury which initiates the development of human arterio- 
sclerosis is obscure, and the experiments on cholesterol feeding provide 
hardly any suggestive information bearing on this most important 
problem. 

We are inclined to agree with Duff, but needless to state there 
is a competent body of medical opinion which does not subscribe to 
his main conclusions. During the past year Leary “ has again presented 
his arguments that atherosclerosis is a metabolic disease. 

There have been a number of interesting clinical and experimental 
studies * relating to the coronary circulation, cardiac pain and myo- 
cardial infarction which, owing to considerations of space, cannot be 
reviewed. 


62. Leary, Timothy: Pathology of Coronary Sclerosis, Am. Heart J. 10:328, 
1935; Atherosclerosis: The Important Form of Arteriosclerosis; a Metabolic Dis- 
ease, J. A. M. A. 105:475 (Aug. 17) 1935. 

63. Green, Charles W.: The Nerve Control of the Coronary Vessels with New 
Experimental Evidence for the Pathways of Efferent Constrictor and Dilator 
Neurones in the Dog, Am. J. Physiol. 113:361, 1935; Control of the Coronary 
Blood Flow by Reflexes Arising in Widely Distributed Regions of the Body, ibid. 
113:399, 1935. Katz, L. N.: Mechanism of Pain Production in Angina Pectoris, 
Am. Heart J. 10:322, 1935. Katz, Louis N.; Mayne, Walter, and Weinstein, 
William: Cardiac Pain: Presence of Pain Fibers in the Nerve Plexus Surround- 
ing the Coronary Vessels, Arch. Int. Med. 55:760 (May) 1935. Kisch, F.: 
Angina Pectoris im Arbeitstest, Klin. Wehnschr. 14:1165, 1935. Leriche, R., and 
Fontaine: Contribution expérimentale a l'étude de la circulation coronarienne chez 
l’animal entier: Le role du sympathique dans l’innervation des coronaires, Ann. de 
méd. 37:407, 1935. Nemet, G., and Gross, H.: Interrelationship of Arterio- 
sclerotic Heart Disease and Chronic Congestive Failure, Am. Heart J. 10:643, 1935. 
Nuzum, F. R.; Elliott, A. H., and Evans, R. D.: A Clinical and Pathological 
Study of Coronary Sclerosis: Its Incidence in Hypertension and Angina Pectoris, 
ibid. 10:367, 1935. Robertson, Harold F.: The Reestablishment of Cardiac Cir- 
culation During Progressive Coronary Occlusion, ibid. 10:533, 1935. Shambaugh, 
Philip: Circulatory Changes in Angina Pectoris: An Experimental Study, Arch. 
Int. Med. 56:59 (july) 1935. Tennant, R., and Wiggers, C. J.: The Effect of 
Coronary Occlusion on Myocardial Contraction, Am. J. Physiol. 112:351 1935. 
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Of especial interest are the findings of Saphir and his co-workers “ 
based on a study of 34 cases selected by a pathologist without previous 
knowledge of the clinical and electrocardiographic findings. After the 
anatomic material had been studied, the clinical and electrocardiographic 
records were reviewed, and the attempt was made to correlate the find- 
ings thus obtained with the anatomic lesions. 

Both coronary arteries were found to be involved, and some degree 
ef myocardial fibrosis was present in all hearts examined. The most 
severe lesions were found in the left coronary artery, especially in the 
descending branch. Myocardial infarcts were noted in 28 instances, 
and at least two branches of the coronary arteries supplying the infarcted 
areas were involved. In 4 hearts, infarcts were present without any 
occlusion of the coronary arteries, although their lumens were mark- 
edly narrowed. Such infarcts were probably caused by transient myo- 
cardial insufficiency, which in the presence of narrowed coronary arteries 
led to a temporarily inadequate blood flow. 

Saphir and his co-workers found that the electrocardiogram may 
fail to give any clue to the full significance of previous clinical attacks 
and does not always aid in determining whether or not coronary throm- 
bosis or myocardial infarction is present. Furthermore, it was not 
found possible to locate the position of the infarct from electrocardio- 
graphic records obtained with the standard three leads. 

Pain referable to the heart occurred in only 18 of their 34 patients, 
but coronary thrombosis was encountered 32 times; there were only 
4 instances in which an attack of pain unrelated to effort could reason- 
ably be correlated with the occurrence of coronary thrombosis or myo- 
cardial infarction. On the other hand, coronary sclerosis and myocardial 
fibrosis alone were present in 4 instances at the time attacks of pain 
unrelated to obvious effort occurred. Saphir and his co-workers found 
the duration and severity of pain to be unreliable guides in diagnosing 
coronary thrombosis. 


Not coronary thrombosis nor myocardial infarction nor coronary arteriosclerotic 
ecclusion can be the anatomical equivalent of angina pectoris because these lesions 
were found not only in the presence of angina pectoris but also in patients who 
never had attacks of angina pectoris. Besides, these lesions were not constantly 
present in hearts of patients dying following attacks of angina pectoris. Only one 
anatomical change was common to all hearts of patients who had attacks of angina 
pectoris, namely, coronary sclerosis and myocardial fibrosis. To the morphologist, 
coronary sclerosis and fibrosis of the heart mean a labile myocardium which may 
fail suddenly. It seems that the sudden failure, or the subsequent events, is 
intricately linked with anginal attack in some manner as yet undetermined. 


64. Saphir, O.; Priest, W. S.; Hamburger, W. W., and Katz, L. N.: Coronary 
Arteriosclerosis, Coronary Thrombosis and the Resulting Myocardial Changes, Am. 
Heart J. 10:567 (June) ; 762 (Aug.) 1935. 
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In the present state of our knowledge, it appears impossible to differentiate 
clinically between myocardial infarction brought about by coronary thrombosis and 
that following arteriosclerotic narrowing or occlusion of the coronary arteries. 
It is also difficult to determine the occurrence of coronary thrombosis and myo- 
cardial infarction clinically, either because the thrombosis and infarct may occur 
“silently,” or because the characteristic picture may be found in the absence ot 
thrombosis and infarction. 


3eck and his associates ® have concerned themselves for some time 
with the problem of increasing the blood supply to the heart by opera- 
tion. Their first studies were made on dogs in which the epicardium 
and the lining of the parietal pericardium of the heart were removed 
and adhesions were allowed to form between the myocardium and the 
vascular bed afforded by the parietal pericardium and pericardial fat. 
A pressure differential was found necessary to promote anastomosis 
between the cardiac and the extracardiac vascular bed, which was 
provided by reducing the normal coronary blood supply. After the 
establishment of the collateral circulation it was found possible to reduce 
greatly the lumen of the right or left coronary artery near the aorta 
without fatally injuring the heart. 


Further experiments were carried out, in which pedicle grafts of 
muscle together with the pericardial and mediastinal fat were used 
for the vascular bed. Anastomoses readily developed between skeletal 
and cardiac muscle if a sufficient pressure differential was provided. 
When the collateral vascular supply was well established it was possible 
to ligate the right coronary artery or the descending branch of the 
left coronary artery without producing a fatal injury, provided the 
ligation was carried out in two stages. From a clinicopathologic study 
of human material it was judged that nearly half of the patients would 
have been suitable subjects for operation and might have benefited by 
the production of the extracardiac collateral circulation. Pedicle grafts 
of pectoral muscle were sutured to the circumflex region of the heart in 
more than 6 patients with heart disease with involvement of the coronary 
arteries. The results have been sufficiently encouraging to justify 
further exploration of this important problem. 

Forty patients with angina pectoris have been treated neurosurgically 
by White ®* for the relief of pain which did not respond to medical 
treatment. Surgical excision of the upper thoracic ganglions has given 


65. Beck, Claude S.: The Development of a New Blood Supply to the Heart 
by Operation, Ann. Surg. 102:801, 1935. Beck, C. S., and Tichy, V. L.: The 
Production of a Collateral Circulation to the Heart: An Experimental Study, Am. 
Heart J. 10:849, 1935. Moritz, A. R., and Beck, C. S.: The Production of a 
Collateral Circulation to the Heart: Pathological Anatomical Study, ibid. 10: 
874, 1935. 

66. White, J. C.: The Autonomic Nervous System, New York, The Macmillan 
Company, 1935. 
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nearly perfect relief on the side on which operation was performed, 
but the procedure was found to be too dangerous. White has found th: 
paravertebral injection of alcohol, on the other hand, to be a reasonably 
safe procedure. It gave excellent results in 67.7 per cent of the cases, 
and converted the severe forms of angina pectoris into milder types 
which could be more easily controlled by medical measures in another 
17.6 per cent. In the remaining 14.7 per cent of cases pain was not 
satisfactorily relieved, but in each instance the signs of paralysis of the 
sympathetic nerves and complete anesthesia of the intercostal nerves was 
not produced. The technic and complications of paravertebral injection 
of alcohol are discussed. 

There has been further evidence * of the beneficial effect of theo- 
phylline ethylene-di-amine in the treatment of heart disease with involve- 
ment of the coronary arteries. It was shown that this drug promotes 
the development of the collateral circulation in cases of experimentally 
induced cardiac infarction in the dog. Favorable clinical results are 
reported not only when theophylline is used in the treatment of acute 
coronary occlusion but also in instances of paroxysmal dyspnea and 
in cases of angina pectoris. The beneficial influence probably results 
from its action in promoting the extent of the collateral coronary 
circulation. The importance of long continued treatment is emphasized. 


HEART FAILURE AND ITS TREATMENT 


Harrison ** has published a book of three hundred and forty-nine 
pages, entitled “Failure of the Circulation,” which deals with studies 
carried out by himself and his colleagues on circulatory disorders as 
observed in patients with diseases of the heart and in experimental 
animals. The problem is approached from a clinicophysiologic aspect 
and, quite naturally, stresses the point of view of the author. In the 
final chapter his chief conclusions are summarized as follows: 


Aside from the coronary syndrome which is initially a local circulatory dis- 
turbance, general functional impairments of the cardiovascular system are of 
three main types, which may occur singly or in various combinations. 

I. Acute circulatory failure (the hypokinetic syndrome) includes the conditions 
which have usually been classified as “collapse,” “primary shock” and “secondary 
shock.” It may be of cardiac origin but is usually due to disturbances in the 
periphery. Its chief subjective manifestation is weakness and the most important 


67. Fowler, W. M.; Hurevitz, H. M., and Smith, Fred M.: Effect of Theo- 
phylline Ethylenediamine on Experimentally Induced Cardiac Infarction in the 
Dog, Arch. Int. Med. 56:1242 (Dec.) 1935. Smith, Fred M.; Rathe, Herbert W., 
and Paul, W. D.: Theophylline in the Treatment of Disease of the Coronary 
Arteries, ibid. 56:1250 (Dec.) 1935. 

68. Harrison, Tinsley Randolph: Failure of the Circulation, Baltimore, Wil- 
liams & Wilkins Company, 1935. 
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objective signs are feeble pulse, tachycardia, decrease in the arterial blood pressure, 
and decline in the pulse pressure. Less constantly the heart sounds are diminished 
in intensity and approach each other in quality. These phenomena are dependent 
on or related to diminution of the cardiac output, which may be brought about 
in several different ways. 

1. The hematogenic type of the hypokinetic syndrome, which has been called 
“secondary shock,” is due to decrease in the circulating blood volume, such as 
occurs in hemorrhage, traumatic shock or following excessive dehydration from 
any cause. 

2. The neurogenic type of the hypokinetic syndrome (“primary shock’’) is due 
to vascular dilatation dependent on disturbances in the nervous system, such as 
fainting, spinal anesthesia and injuries to the brain or spinal cord. 

3. The vasogenic type of the hypokinetic syndrome is also brought about by 
dilatation of the arterioles, but is dependent on influences which act directly on 
the vessels, such as histamine and nitrites. 

4. The cardiogenic type of the hypokinetic syndrome is usually produced by 
sudden severe damage to the heart, such as occurs in coronary thrombosis, or by 
prolonged beating as in persistent paroxysmal tachycardia. Less commonly this 
symptom-complex may be brought about by sudden and marked slowing of the 
heart, or by inadequate cardiac filling as the result of pericardial thickening. In 
such instances the manifestations of congestive heart failure and those of acute cir- 
culatory collapse may coexist. 

II. The overactive heart (the hyperkinetic syndrome), like the hypokinetic 
disturbances, is usually of peripheral rather than of cardiac origin. Its chief sub- 
jective manifestation is palpitation and its objective phenomena are forcible diffuse 
cardiac impulse, loud heart sounds, apical and especially basal systolic murmurs, 
moderate tachycardia, increased arterial pulsations, bounding or even collapsing 


pulse, and increased pulse pressure. Its most common causes are hyperthyroidism, 


severe anemia, fever, and certain types of cardiac neurosis. Some of the last 
patients exhibit these phenomena only on mild exertion and to these the terms 
“neurocirculatory asthenia” (which is a misnomer), “soldier's heart” and 
“effort syndrome” have been applied. The phenomena of the hyperkinetic dis- 
turbance are similar to those which occur in normal persons during physical exer- 
tion and are due mainly to the same underlying physiological mechanism—increase 
in the cardiac output. 

III. Congestive heart failure (the dyskinetic syndrome) designates the clinical 
picture usually called “cardiac decompensation.” The primary disease process may 
involve either the heart—as in valvular diseases, or the peripheral vascular 
apparatus—as in hypertension, but in each instance the final result is to render 
the heart inefficient in the performance of its work. The main subjective mani- 
festation of this syndrome is dyspnea, and the most important objective phe- 
nomena are cardiac enlargement, decrease in vital capacity, rales at the lung 
bases, distension of the systemic veins, enlargement of the liver, edema, and the 
accumulation of fluid in the body cavities. 

This clinical picture has been believed by many to be dependent on inadequate 
blood supply to the tissues and it is true that accurate measurements of the cardiac 
output reveal low values in the majority of patients with congestive heart failure. 
However the thesis that dyspnea, edema, and the other important manifestations 
of congestive failure are dependent on diminished flow through the tissues is 
untenable for several reasons, of which the following are the most important. 
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(a) Edema and dyspnea are not usually present in patients with disorders 
such as hemorrhage or traumatic shock, which are known to be associated witl) 
marked decrease in the cardiac output, and are not produced in experimental! 
animals by diminution of the cardiac output. 

(b) Some patients with congestive heart failure have values for the cardiac 
output which are well within the normal range. Disappearance of congestive 
heart failure is not associated with constant increase in the cardiac output even 
in patients who exhibit diminution of this function. 

(c) Those therapeutic measures, such as venesection, and the use of digitalis 
and of diuretic drugs, which cause clinical improvement in persons with conges- 
tive heart failure, do not regularly cause an increase in the output of the heart 

This evidence seems to indicate conclusively that the “forward failure” (dimin- 
ished output) theory is erroneous. On the other hand the alternate theory of 
“backward failure” (“back pressure’) appears to fit the facts. 

According to this hypothesis the essential factor in the production of the clini- 
cal manifestations of heart failure is accumulation of blood in those vascular areas 
which drain toward the failing chamber of the heart. Thus failure, i. e., dilatation, 
of the left ventricle leads to a rise in the pressure in the left auricle which causes 
engorgement of the lungs. Such an increase in the intrathoracic blood volume has 
been demonstrated not only by the findings at necropsy but also by measurements 
—made by indirect methods—during life. Since the amount of blood flowing 
through the lungs, i.e., the cardiac output, is not augmented the increase in the 
size of the pulmonary vascular bed must be associated with a diminution in the 
velocity of the blood flow, and this likewise has been demonstrated. Similar 
changes occur in the systemic circuit when the right ventricle fails. In most 
patients the underlying cause of cardiac disease is of such a nature as to impose 
the primary strain on the left side of the heart. If the “back pressure” theory 
is correct congestive phenomena should develop first in the lungs and later in the 
systemic circulation. This is exactly what occurs, as is shown by the fact that 
diminution in the vital capacity precedes an increase in the systemic venous pres- 
sure in almost all cases. 

According to this (the “back pressure”) theory the manifestations of cardiac 
failure are to be ascribed chiefly to a rise in pressure in the veins draining into 
the failing side of the heart. That cardiac edema is due to such a rise in systemic 
venous pressure is probably generally admitted. Concerning dyspnea no such 
agreement exists, many persons still ascribing it to diminished cerebral blood 
flow—an hypothesis which is, in the main, erroneous. 

Investigations of cardiac dyspnea have shown that it occurs under conditions 
which cause labored breathing. The excessive respiratory effort and the sub- 
jective distress are not cause and effect but are parallel responses. Dyspnea, the 
subjective phenomenon, represents the effect on the cerebral cortex of the same 
factors which, when acting on the medulla, produce the labored breathing. The 
important point is that one can measure the respiratory effort and thereby can 
achieve a quantitative expression of its subjective concomitant, dyspnea. When 
there is no obstruction to respiration the breathing is labored in proportion to 
the closeness with which the actual ventilation approaches the maximum possible 
ventilation. The actual ventilation can be readily determined and the maximum 
possible ventilation depends on the vital capacity, which can also be easily measured 
Simultaneous observation of these two functions allows a quantitative formulation 
of the degree of dyspnea. 

The respiratory reserve can be encroached on and the breathing made to become 
labored by any process which either decreases the vital capacity or which increases 
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the ventilation. In patients with congestive heart failure the vital capacity is 
decreased as a result of congestion of the lungs. This predisposes the subject to 
dyspnea, but dyspnea may be absent as long as the breathing is not stimulated. 
The several types of cardiac dyspnea are to be attributed to various agents which 
cause respiratory stimulation in a patient with diminished respiratory reserve 
(decreased vital capacity). The study of the mechanism of cardiac dyspnea there- 
fore resolves itself into an investigation of these agents. 

It was formerly believed that dyspnea in cardiac disease could be attributed to 
chemical changes in the arterial blood as a result of inadequate pulmonary ven- 
tilation. Such alterations are encountered in moribund patients and in those who 
have severe pulmonary edema or advanced emphysema but are absent in the 
majority of patients with congestive failure. ‘The concept that cardiac dyspnea 
is dependent on inadequate supply of blood to the respiratory center as a result 
of subnormal cardiac output has been shown to be erroneous by the observation 
that the composition oi the blood in the internal jugular vein is not usually altered 
by procedures, such as mild exercise and the assumption of the recumbent posture, 
which cause dyspnea. 

In general, the stimulation of breathing in persons with cardiac disease is of 
reflex rather than of chemical origin. Of the several reflexes concerned the most 
important one arises in the lungs, and is due to the effect of congestion on the 
afferent vagal endings. This reflex is mainly responsible for orthopnea and for 
cardiac asthma, and it is a factor in the production of dyspnea on exertion. Dyspnea 
on exertion, however, is more closely related to reflex respiratory stimulation from 
the moving muscles and from the action of an increased venous pressure, brought 
about by exertion, on the afferent vagal terminals in the venous end of the heart. 

Dyspnea is then, in the main, to be ascribed to pulmonary congestion as a 
result of “back pressure” from the left side of the heart. The increase in pul- 
monary pressure eventually leads to failure of the right ventricle and edema. 
Dyspnea usually precedes edema because the underlying disease process ordi- 
uarily imposes the initial strain on the left side of the heart. 

Unlike dyspnea and edema, enlargement of the heart, which is the other car- 
dinal manifestation of cardiac disease, is not a result of heart failure, but is 
brought about by the same underlying disorder which produces heart failure. 

Cardiac enlargement consists of two processes. One of them is hypertrophy 
which is dependent on overwork, either of the heart as a whole or of portions 
of it, as a result of disease of other parts. The thickening of the muscle fiber 
tends at first to make it more powerful. After a time this mechanical advantage 
is more than offset by a chemical disadvantage, for the recovery process in the 
heart muscle, being dependent on the diffusion of oxygen into it, becomes ham- 
pered by the thicker fiber. This is especially important when the heart rate is 
rapid, for in this condition the duration of diastole (the period in which recovery 
must take place) is diminished. Hence, even if the burden on the heart is not 
increasing, the hypertrophied heart tends to become fatigued. Fatigue leads to 
dilatation, which has the double advantage of diminishing the thickness and of 
increasing the surface of the fibers. Dilatation is the immediate response of the 
heart to increase in work and hence probably precedes hypertrophy as well as 
sueceeding it. But dilatation—this second type of cardiac enlargement—has its 
disadvantages also. The dilated heart, in order to perform a given amount of 
work, requires more oxygen than does the undilated heart. If, because of the 
thickened fiber, coronary disease, or other factors, the needed oxygen is not 
available the heart will dilate still more and will require still more oxygen to 
perform its previous work. And so the cycle proceeds. 
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For these reasons the enlarged heart tends to become fatigued. Cardiac 
fatigue is a phenomenon of fundamental importance in relation to cardiac failure. 
When studied under conditions—such as exist in the heart-lung preparation—in 
which the various circulatory factors can be controlled and the action of the 
heart readily observed, it is found to take place in three stages which merge 
into each other gradually. 

(a) The heart dilates, all other factors including the output remaining con- 
stant. This stage probably corresponds to the clinical condition of a patient who 
has no congestive phenomena but who has a limitation of effort, for the reserve 
power of a heart consists of its ability to dilate, and a heart which is already 
dilated has begun to encroach on its reserve. 

(b) The output begins to diminish somewhat but returns to its previous level 
if the venous pressure is sufficiently raised. At the same time the degree of dilata- 
tion increases somewhat. This stage appears to correspond to the clinical state 
of a patient with a normal or nearly normal cardiac output but with a con- 
siderably dilated heart, and with increased venous pressure and consequent phe- 
nomena of congestive failure. 

(c) The output diminishes rapidly and in a short time the heart ceases to 
beat. This is a terminal state and corresponds to the moribund patient with hypo- 
kinetic as well as dyskinetic phenomena. 

The analogy with the experimentally fatigued heart allows us to define heart 
failure. It may be said to begin when, in order to perform a given amount ot 
work, the diastolic volume of the heart increases. Expressed otherwise, it may 
be said that the reserve power of the heart is beginning to fail when the size of 
that heart is increased in proportion to its output. Similarly, congestive heart 
failure may be defined as a state in which venous pressure is increased dispro- 
portionately to the cardiac output, or as the condition in which the heart can 
maintain a given output only when driven to do so by a greater filling pressure. 

My conclusion, then, is that the clinical manifestations of congestive heart 
failure are due to “back pressure,” dyspnea being brought about by congestion 
of the lungs which is a result of “back pressure” from the left side of the heart, 
and edema being due to congestion of the systemic circulation dependent on “back 
pressure” from the right side of the heart. In both instances the rise in pressure 
in the veins is dependent on dilatation of the chambers of the corresponding side 
of the heart, the dilatation in its turn being a manifestation of fatigue of the 
cardiac muscle. The dilated heart is an inefficient pump for, although it may 
supply an adequate amount of blood to the tissues, it expends excess energy in 
order to carry on this work. Heart failure is to be attributed, in the main, to 
inefficiency rather than to insufficiency of the myocardium. 


Vaquez ®® expressed the belief that there is a marked revival of 
interest in the study of digitalis, due chiefly to the widespread dissatis- 
faction with present galenic preparations which have enjoyed great 
preference because the total drug base is more useful than any one 
of its components and because of the practical ease of administration. 
He remarked that the variability in therapeutic activity and the insta- 
bility of galenic preparations which have apparently caused so much 
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dissatisfaction in many places have not especially troubled clinicians in 
America. He told how the Hygiene Section of the League of Nations 
took up the study of standardization of galenic preparations but after five 
years’ study concluded that it was still too early to make a decision 
as to the choice of a method of extraction of the drug or a method of 
standardization and that consequently an international unit cannot be 
fixed. Ingenious researches are described which were performed with 
the intention of isolating all the glucosides of digitalis, studying their 
several qualities and synthetically regrouping them so as to reconstruct 
the global activity of the drug. Up to the present these attempts have 
not met with great success. 

Fraenkel *° stated that it is possible to insure the same degree 
of accuracy in administering digitalis to patients as is demanded 
in a pharmacologic experiment on the lower animals, but = in 
order to do this it is necessary to dispense with the galenic 
preparations and their many substitutes and, in addition, to change 
the usual routine of administration. When one considers the large 
variation in different galenic preparations, the decreased effect resulting 
from their reactions with the acid gastric juice and intestinal alkalis 
when they are given by mouth, the faulty absorption due to the 
surface activity and adsorption of the drug, and the incalculable loss 
under the pathologic conditions of circulatory failure, it must be con- 
cluded that the only suitable method of quantitative administration is 
intravenous injection. 

In his choice of a drug Fraenkel was guided by the results of experi- 
ments on cats in which different glucosides of digitalis were compared 
as to the degree and duration of their action. Strophanthin Kombé was 
chosen because its action could be maintained by repeated injections 
without the appearance of toxic effects attributable to cumulative action 
of the drug. Tens of thousands of injections of this drug have been 
given to patients without there resulting any of the dreaded com- 
plications. 

He cited a series of cases in which strophanthin was used only after 
the oral administration of digitalis had proved unsuccessful. Excellent 
therapeutic results were usually obtained. It was necessary to adhere 
to exact dosage and to note the effect of each dose. Patients who 
needed little strophanthin and displayed marked diuresis had, usually, a 
better prdgnosis than those who required larger doses vet lost edema 
fluid more slowly. Fraenkel stated: 


it is by no means exclusively cases of heart failure with auricular fibrilla- 
tion or frequent and regular pulse which respond to strophanthin administration. 


70. Fraenkel, A.: Pharmacological Aspect of Digitalis Therapy, Lancet 2: 
1101, 1935. 
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Complete success is met with even when the pulse is infrequent and regular. In 
these cases the muscular effect of strophanthin is more prominent than the vagal. 

This attempt, however, to evaluate a rational digitalis therapy from 
a knowledge of experimental pharmacology, and to describe the peculiar impor- 
tance of the intravenous route in connection with the glucoside which is most 
suitable for this mode of administration, is not to be regarded as a revolt from 
the customary empirical use of preparations of digitalis by mouth. ; 
Withering’s therapy retains its position in the treatment of heart failure when such 
is not of too severe a degree or of not too long a standing. 


Bedford and Campbell *! have carried out clinical tests with 
strophanthin emini, which yields on analysis a complex mixture of 
glucosides similar in type to that obtained from strophanthin kombe. 
Strophanthin emini is best given intravenously and provokes a digitalis- 
like action on the heart in from fifteen to thirty minutes. It appears 
to act more quickly than digoxin,** which has recently been isolated 
and tested clinically. It has no advantage over digitalis and has one 
great disadvantage, in that the therapeutic and the toxic dose are so 
close together. 

The recently isolated cardiac glucoside thevetin ** has been subjected 
to further clinical trial. In clinical use it is best given intravenously. It 
has a digitalis-like action, with a potency about one-seventh that of 
ouabain. It appears to be more toxic than digitalis when comparable 
doses are given. 

Carr and Mayer * have studied the effect of scillonin, a derivative 
of squill, on 104 patients with cardiac decompensation. This drug has 
the same therapeutic and toxic effects as digitalis. Because nausea 
appears as a late rather than as an early toxic effect of scillonin, that 
drug is of advantage for certain patients who take digitalis with difficulty 
because of gastric distress early in the course of medication. More care 
is required in the administration of scillonin, however, than in the use of 
digitalis. 

Good clinical results have followed the use of diuretic drugs, either 
continuously or in long courses, in the early stages of heart failure. 
It is unfortunate that these drugs are not more commonly used before 
the advent of frank cardiac edema. This view has been reemphasized 


71. Bedford, D. E.; Campbell, M., and Wood, P. H.: The Treatment of 
Auricular Fibrillation with Strophanthin Emini, Guy’s Hosp. Rep. 85:185, 1935. 

72. Wayne, E. J.: Clinical Observations on Two Pure Glucosides of Digitalis, 
Digoxin, and Digitalinum Verum, Clin. Sc. 1:63, 1933. 

73. Arnold, Harry L.; Middleton, William S., and Chen, K. K.: The Action 
of Thevetin, a Cardiac Glucoside, and Its Clinical Application, Am. J. M. Sc. 
189:193, 1935. 

74. Carr, James G., and Mayer, Jacob D.: Clinical Experience with a Deriva- 
tive of Squill, Arch. Int. Med. 56:700 (Oct.) 1935. 
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Ly Friedman and his co-workers,** who have frequently noticed the 


amelioration of cardiac symptoms after the administration of diuretics 
to patients with little or no demonstrable edema. Improvement occurred 
even when the diuresis was of slight degree. Objective measurements 
of the effect of diuretics on circulatory and respiratory functions were 
made on a group of hospitalized patients who complained chiefly of 
dyspnea but who had minimal pitting or latent edema. Clinical improve- 
ment was sometimes associated with an increase in vital capacity, but 
often this increase was so slight as to be of questionable significance. 
Decrease in spinal fluid pressure and in blood volume may have played 
a role, but these factors were not studied. Consistent changes in heart 
rate, Oxygen consumption and cardiac output did not occur. Two pos- 
sible factors probably influenced cardiac output following the adminis- 
tration of diuretic drugs. One was the decrease in flow of blood 
through the edematous tissues, which tended to decrease the cardiac 
output, and the other was the reduction of myocardial edema, which 
may have led to an increase in the cardiac output. 

The changes in the alkali reserve and in the protein content of the 
blood following the use of diuretics have been investigated.*° The 
results obtained by various workers are not in agreement regarding 
the mechanism whereby values for plasma protein rise after diuresis 
following the administration of salyrgan. 

It is still too early to evaluate correctly the procedure of total 
thyroidectomy in the treatment of heart failure.** Three years’ experi- 


75. Friedman, Ben; Resnik, Harry; Calhoun, J. A., and Harrison, T. R.: 


Effect of Diuretics on the Cardiac Output of Patients with Congestive Heart 
Failure, Arch. Int. Med. 56:341 (Aug.) 1935. 

76. Bryan, A. Hughes; Evans, William A., Jr.; Fulton, Marshall N., and 
Stead, E. A., Jr.: Diuresis Following the Administration of Salyrgan: Its Effect 
on the Specific Gravity, the Total Nitrogen and the Colloid Osmotic Pressure of 
the Plasma of Normal and Edematous Dogs, Arch. Int. Med. 55:735 (May) 
1935. Schally, A. O.: Veranderungen der Bluteiweisskorper bei der Salyrgan- 
diurese, Deutsches Arch. f. klin. Med. 177:368, 1935. Gottsegen, G.: Einfluss 
der Diuretika auf die Alkalireserve des Blutes, Wien. klin. Wchnschr. 48:1116, 
1935. 

77. Berlin, David D.: Total Thyroidectomy for Intractable Heart Disease: 
Summary of Two and One-Half Years’ Surgical Experience, J. A. M. A. 105: 
1104 (Oct. 5) 1935. Blumgart, H. L.; Berlin, D. D.; Davis, D.; Riseman, J. 
E. F., and Weinstein, A. A.: Total Ablation of Thyroid in Angina Pectoris and 
Congestive Failure: XI. Summary of Results in Treating Seventy-Five Patients 
During the Last Eighteen Months, ibid. 104:17 (Jan. 5) 1935. Blumgart, H. L.; 
Riseman, J. E. F.; Davis, D., and Weinstein, A. A.: Treatment of Angina 
Pectoris and Congestive Failure by Total Ablation of the Normal Thyroid: XIV. 
Results in Arteriosclerotic Heart Disease, Am. Heart J. 10:596, 1935. Clark, 
Richard J.; Means, James H., and Sprague, Howard B.: Total Thyroidectomy 
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ence indicates that this operation is of significant value when limited 
to a few carefully selected cases. Its greatest value, by far, is in the 
treatment of angina pectoris, but even in cases of that disorder there is 
no cause for great enthusiasm, and certain conditions must be tultilled 
before thyroidectomy is suggested (not urged). The probable life 
expectancy of the patient without operation must be at least from one 
to two years. In patients with angina pectoris the presence of complicat- 
ing disease of significant degree, especially of involvement of the heart, 
lungs, kidneys or liver, has to be ruled out. It must be shown that 
available medical treatment, including rest in bed for one month, is 
inadequate. Furthermore, the preoperative basal metabolic rate must not 
be lower than —15 per cent. Technically the operation does not 
involve undue risk when skilfully performed. If these criteria are given 
full consideration, one may with confidence predict genuine improvement 
in regard to anginal attacks in about three fourths of the cases. 

Available studies indicate a wide divergence of opinion regarding 
the value of thyroidectomy in patients with congestive heart tailure ; 
a few patients are undoubtedly suitable for this procedure. It is impos- 
sible here to discuss adequately the difficult problem of selection of 
cases. Reference may be made to the aforementioned reports. 


for Heart Disease: Experiences with Twenty-One Patients at the Massachusetts 
General Hospital, New England J. Med. 214:277, 1935. Levine, S. A., and Epp- 
inger, E. C.: Further Experiences with Total Thyroidectomy in the Treatment of 
Intractable Heart Disease, Am. Heart J. 10:736, 1935. Riseman, J. E. F.; 
Gilligan, D. R., and Blumgart, H. L.: Treatment of Congestive Heart Failure 
and Angina Pectoris by Total Ablation of the Normal Thyroid Gland: XVI 
The Sensitivity of Man to Epinephrine Injected Intravenously Before and After 
Total Thyroidectomy, Arch. Int. Med. 56:38 (July) 1935. 
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Book Reviews 


Arthritis and Rheumatoid Conditions: Their Nature and Treatment. By 
Ralph Pemberton. Price, $5.50. Pp. 455, with 69 engravings and a colored 
plate. Philadelphia: Lea & Febiger, 1935. 

The long-overdue second edition of this work, the first edition of which was 
published in 1929, will be warmly received. First written to help place the subject 
of arthritis on a plane which would arouse the interest and attention then lacking, 
the work now attempts to incorporate data which have accumulated in the past 
six years. Consequently the volume has been expanded one hundred pages, and 
many illustrations have been added. 

The book maintains its same general order, starting with a brief historical 
approach, leading to arthritis as an economic problem and then to its pathology, 
dynamic pathology, symptomatology and treatment and to related conditions. One 
is impressed by the statistics quoted showing the magnitude of arthritis as a social 
problem. Surveys show that cases of this condition constitute 9 per cent of all 
cases of disease, outstripping those of tuberculosis and organic heart disease and out- 
ranked only by cases of accidents. In general, Pemberton follows the classification 
of Nichols and Richardson and that of Knaggs in classifying arthritis into atrophic 
and hypertrophic types. However, he believes that these types have many features 
in common and discusses the etiology and treatment with regard to the syndrome 
of the disease as a whole. Under “Dynamic Pathology” are discussed the influ- 
ences of basal metabolism and of protein, lipoid, carbohydrate, salt and water 
metabolism, as well as the acid-base balance, circulatory, respiratory, cutaneous 
and renal function and the blood picture. Many of the discussions are unduly 
long in relationship to their importance, as is the space allotted to a review of the 
author’s experiments which gave negative results. Changes in the circulation and 
in the carbohydrate metabolism are of especial interest. 

Approximately 175 of the 455 pages are devoted specifically to treatment. All 
the important aspects are discussed—focal infection, the role of the intestine, diet, 
colonic irrigation, vaccines, physical therapy, drugs and medicinal measures. All 
are evaluated principally in the light of the author’s own extensive experience. 
He seeks to recommend no one factor of therapy alone but to emphasize that the 
factors known to have a favorable influence should be coordinated into a whole, 
with necessary individualization. 

The second edition insures this volume a continued important place in medical 
literature. 


Thérapeutique de l’ulcére gastro-duodénal. By Jean Gatellier and Francois 
Moutier. Price, 22 francs. Pp. 236. Paris: Gaston Doin & Cie, 1935. 


In this monograph Gatellier and Moutier present to the medical profession 
their experiences with the therapeutics for gastroduodenal ulcer. The material 
is derived from 1,200 personally treated patients. There is no bibliography or 
review of the literature on the subject. The authors merely report their experi- 
ences and occasionally refer to the work of physicians prominent in this field. 

Practically the entire discussion is devoted to treatment. The first few pages 
contain a dissertation on the anatomic, clinical and pathologic aspects of the disease. 
Throughout the monograph brief discussions of the clinical manifestations of the 
various phases and complications of the condition, such as hemorrhage, perforation, 
obstruction and the like, that are being treated by one method or another, are 
given. They include a discussion of the findings in roentgenologic, gastroscopic 
and other special examinations, when these were used in the study of the cases. 
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The therapeutic presentation includes a consideration of the medical and surgical 
treatment of uncomplicated and complicated forms. The authors discuss pre- 
operative and postoperative treatment, emphasizing joint medical and surgical 
treatment in these cases. They present a list of diets, prescriptions for patients 
and formulas for large quantity preparations of mixtures of drugs which they 
employed in the treating of their patients. The indications and rationale for their 
various therapeutic methods of choice under diverse conditions are also briefly 
presented. 

From the monograph one realizes that the authors do not present any definitely 
superior method for the treatment of gastroduodenal ulcer and that they experi- 
enced results and difficulties with their methods similar to those obtained by 
different methods employed by other physicians. Nothing revolutionary is pre- 
sented, but one who is interested in the therapy employed by the authors in treating 
their large series of patients can adequately learn it from this intelligible 
presentation. 


Clinical Laboratory Methods and Diagnosis. By R. B. H. Gradwohl, M.D., 
director of the Gradwohl Laboratories, St. Louis. Price, $8.50. Pp. 1028, 
with 328 illustrations and 24 color plates. St. Louis: C. V. Mosby Company, 
1935. 


Gradwohl in his preface states that this book was written to help the clinician, 
the laboratory worker and the medical student to learn laboratory diagnosis. It 
is divided into seventeen chapters more or less according to the traditional fashion 
for a textbook of this nature. The division of the space allotted to different subjects 
is of some interest, as it reflects so well current medical enthusiasms; 64 pages 
are devoted to urinalysis, 81 to blood chemistry, 181 to hematology and 155 to 
clinical bacteriology. The standard picture of the accepted procedures in the 
different fields is given in great detail. A carefully written chapter is devoted to 
the subject of postmortem examinations, telling how to obtain permission to make 
such examinations, and, permission having been granted, how to perform them 
most perfectly. 

On the whole, the volume is a happy venture. As is stated in the review 
which appeared in The Journal of the American Medical Association (104:2291 
[April 22] 1935), the book is an unusually complete work on clinical laboratory 
methods and their interpretation and is a fertile source of information. 


The Treatment of Diabetes Mellitus. By Elliott P. Joslin, M.D., with the 
cooperation of Howard F. Root, M.D.; Priscilla White, M.D., and Alexander 
Marble, M.D. Fifth edition. Price, $6. Pp. 620, with 144 tables and 7 illus- 
trations. Philadelphia: Lea & Febiger, 1935. 


In his preface to the new edition Joslin states: “Diabetes is a disease for 
young doctors,” and acting in this spirit one finds that Root, White, Marble and 
others are now associated with him in writing certain sections. The senior author 
shows, however, no signs of age or decay and deals with the subject with all 
his former vigor and clarity. Since the previous (1928) edition the book has been 
shortened by about four hundred pages, but in spite of this the reviewer fails to 
discover any phase or, indeed, any detail of diabetes which is not adequately dis- 
cussed. “Joslin” definitely remains the standard guide for American practice; a 
sound, well tempered point of view is maintained, going neither to one extreme 
nor the other on the matter of carbohydrate ration; each point is buttressed against 
the solid background of the author’s vast clinical experience as well as statistics 
from the literature. The chapters on the complications of diabetes, diabetic surgery, 
diabetes in childhood and pregnancy in diabetes contain valuable material not 
readily accessible elsewhere in textbooks. 
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Human Pathology. By Howard T. Karsner, Professor of Pathology, Western 
Reserve University. With an introduction by Simon Flexner. Fourth edition, 
revised. Price, $10. Pp. 1013, with 18 colored and 443 plain illustrations. 
Philadelphia: J. B. Lippincott Company, 1935. 

Karsner’s “Human Pathology” has been accepted widely as a text by teachers, 
students and practitioners of medicine. The fourth edition, now offered, has been 
revised and extended to include some of the more recent advances in pathology. 
Certain chapters have been rewritten completely. The general plan of arrange- 
ment is essentially the same as in the preceding editions. The twelve chapters of 
the first part concern general pathology; the ten of the second part are special. 
The preceding editions have been used largely by undergraduate students of 
medicine and has been an excellent text for them. The fourth edition will serve 
the same general group and is recommended to instructors of general and special 
pathology in medical schools for the guidance of their students. 


Diseases of the Liver, Gall Bladder, Ducts and Pancreas. By Samuel 
Weiss. Price, $10. Pp. 1099, with 358 illustrations and 6 plates. New York: 
Paul B. Hoeber, Inc., 1935. 


This monumental compendium cannot be reviewed in detail in the space avaii- 
able. Gotten up in the beautiful Hoeber format, with a wealth of excellent illus- 
trations and an extensive bibliography and index, it contains an encyclopedic 
account of practically everything pertaining to the liver, gallbladder and pancreas. 
To the reviewer the value of the book lies not so much in the discussions ot 
common topics which are adequately dealt with in ordinary textbooks as in the 
collection of all sorts of rare disorders and anomalies information about whicn 
is usually obtainable only in the periodic literature. This encyclopedic form wf 
treatment sometimes disturbs the perspective a little and makes it hard to separate 
what is of established value from material which is less useful, but this can hardly 
be avoided in a reference book of this sort. The price is reasonable. It is perhaps 
to be regretted that the work was not divided into two volumes, as the book is 
heavy and difficult to handle. 


Abnormal Arterial Tension. By Edward J. Stieglitz, M.D., Assistant Clinical 
Professor of Medicine, Rush Medical College. Price, $3. Pp. 261, with 60 
illustrations. New York: National Medical Book Company, Inc., 1935. 


This book is one of a series of the National Medical Monographs edited by 
Dr. Morris Fishbein. The other subjects so far discussed in the series are 
obstetrics, industrial medicine, colitis and diseases of the skin and chest. One 
gathers that the National Medical Monographs are not unlike similar medical 
monographic systems that have appeared recently in France and are designed 
especially to be of use to physicians in this country. 

This particular book by Dr. Stieglitz is nice-looking. It slips easily into one’s 
pocket, so that it can be read at odd moments. It is well printed. It is simply 
written in clear, concise English. The illustrations and diagrams are excellent. 
The various aspects of normal arterial tension and what is known about the cause 
and treatment of hypertension and hypotension are intelligently discussed in the 
light of present knowledge. On the whole, the book should prove a useful member 
of its group. 


Experimentel Pneumothorax. By Kjeld Tgrning. Paper. Pp. 161, with 31 
figures and 79 protocols. Copenhagen: Nyt Nordisk Forlag, 1933. 


This dissertation reviews the history of therapeutic pneumothorax and the 
theories of its modus operandi and gives the results of Tgrning’s experiments on 
animals. Of the usual laboratory animals, the rabbit is the only one that has a 
sufficiently rigid mediastinum to be useful in the study of unilateral collapse. A 
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new technic was used to study the rates of ventilation of the two lungs separately 
without opening the pleural cavity or injuring the thoracic skeleton. The changes 
in the ventilation of the two sides are described in detail for open, and for various 
degrees of closed, unilateral pneumothorax. Measurements of the rate of oxygen 
consumption and the degree of oxygenation of the arterial blood were used t 
calculate the rate of circulation through the lungs and enabled T¢grning to show 
that in a collapsed lung the circulation is so reduced that it may sink to less than 
15 per cent of the total pulmonary circulation. 


Living Along with Heart Disease. By Louis Levin, M.D., cardiologist to 
the St. Francis Hospital and New Jersey State Prison Hospital, Trenton, 
N. J. Price, $1.50. Pp. 126. New York: The Macmillan Company, 1935. 


This is a manual for patients with heart disease, not unlike the manuals on 
diabetes or similar works already available for the inquisitive layman. It is 
intelligently written and discusses heart disease fairly and honestly, enlivened from 
time to time by apt anecdotes of cases in places that otherwise might seem gloomy 
or depressing. Levin states that the purpose of the book is to present to the 
reader a simplified explanation of various aspects of heart disease with the 
ultimate hope of instilling sane optimism in the patient’s philosophy regarding 
this disorder. He has accomplished a step in the right direction. 


News and Comment 


AMERICAN HEART ASSOCIATION, INC. 


The Twelfth Scientific Session of the American Heart Association will be held 
on Tuesday, May 12, 1936, from 9:30 to 5:30 p. m., at Hotel Phillips, Kansas 
City, Mo. The program will be devoted to cardiac insufficiency. 


CORRECTION 
In the article by Dr. M. M. Wintrobe in the February issue (Arcu. INT. Men. 
57:289, 1936), on page 293, line 10, “inversely proportional to the degree of 
anemia” should read “inversely proportional to the number of red cells.” 


